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T O 

Martin Folkes, Rfp 
PRESIDENT, 

And to the 

COUNCIL and FELLOWS 

O F T H E 

Royal Society of London. 

Gentlemen, AN Attempt to excite in Man- 

. kind a general Delire of feareh- 

ing into the Wonders of Nature, 

will, I perfuade myfelf, be accepted 

favourably byyou,whofe Endeavours 

for the Advancement of Natural 

Knowledge, according to the Pur- 

pofe of your Inftitution, are efteern- 

ed by all the World. 

A 3 It 



vi DEDICATIO N. 

It is fomething more than an hum* 

dred and twenty Years fince the 

Microscope was happily invented; 

and to the valuable Difcoveries made 

thereby, we Hand indebted, as the 

following Sheets will fhew, for a great 

Part of our prefent Philofophy. In 

fuch a Length of Time, it is howe¬ 

ver probable, many more Advantages 

might have been reaped from it, had 

not feme Difficulties and Difcotifage- 

xne.ji.ts prevented its general Ufe. 

At the Beginning it was confined 

to very few; who, making a Secret 

of it, endeavoured all they could to 

keep it to themfelves ; and, when it 

be da me a little more publick, the 

Price was fixed fo high, that the moft 

Curious and Indufirious, who have not 

always the greateft Share of Money* 

could not conveniently get at it. 

Of 



DEDICATION* vii 

Of late Years, indeed, the Expence 

has been much lefs ; but then new 

Difcouragements have flatted up 

from Miftake and Prejudice. 

For Many have been frighted from 

the Ufe of it, by imagining it re¬ 

quired great Skill in Optics, and 

Abundance or other Learning, to 

comprehend it to any Purpofe : 

whereas nothing is really needful 

but good GlaiTes, good Eyes, a little 

Practice, and a common Underftand- 

ing, to diftinguifh what is feen ; and 

a Love of Truth, to give a faithful 

Account thereof. Others have con- 

fidered it as a mere Play-thing, a 

Matter of Amufement and Fancy, 

only, that raifes our Wonder for a 

Moment, but is of no farther Ser¬ 

vice : which Miftake they have fall¬ 

en into, from being unacquainted 

A 4 with 



via DEDICATION, 

with any Principles whereby to form 

a,right Judgment of what they fee. 

Many, again, have laid the Micro- 

fcope afide, after a little Dfe, for 

want of knowing what Gbjedts to 

examine, where to find, how to 

prepare, and in what-Manner to ap¬ 

ply them. The Trouble of mana¬ 

ging it has alfo frighted forne- 

Eut we are now fo fortunate as to.' 

have this Inftrument greatly improv¬ 

ed amongft ourfelves, the Apparatus 

made much eafier as well as more 

ufeful, and the Price confiderably 

reduced. The Solar or Camera Ob- 

feta'a Microfcope, and the Micro- 

fcope for viewing Obi-efts that have 
i Id j 

no Tranfparency, by throwing a 

■ ' ftreng refitaed Light upon them, are 

alfo new Inventions, from v/hence 

mreat Things may be expected. 

Nothing 
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Nothing therefore is now want¬ 

ing, but a general Inclination to 

employ thefe Inftruments, for a far¬ 

ther fiicovery of the Minute Won¬ 

ders of the Creation 5 which may not, 

perhaps, improve our Knowledge 

lefs than the grander Parts thereof. 

Bears, Tigers, Lions, Crocodiles and 

Whales, Oaks and Cedars, Seas and 

Mountains, Cornets, Stars, Worlds 

and Suns, are the Capitals in 

Nature's mighty Volume, and of 

them, we fhould not he ignorant: 

but whoever would read there with 

TJnderftanding, mu ft make himfelf 

Matter of the little Letters likewife, 

which occur a thoufand Times more 

frequently, and, if he does not know 

them, will flop him ftiort at every 

Syllable. 

The likelieft Method of difcover- 

11 ing 
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ing Truth, is, by the Experiments of 

Many upon the fame Subject; and 

the mod probable Way of engaging 

People in inch Experiments, is, by 

rendering them eafy, inteliigible,and 

pleafant. To efiedr this, is my En¬ 

deavour in the following Treadle, 

which may ferve as the Reprefenta- 

tion of an Objed for the Inftnmient 

I am recommending; fmall, indeed, 

and feemingly of no Confequence ; 

but what, upon Examination, will 

be found, perhaps, to contain as 

many ufeful Parts as thofe that are 

much bulkier: for, to drop the Allu- 

fion here, I am certain, that with 

half the Pains I could have made it 

twice as large,. 

Think me not fo prefumptuous, to 

dream of inftruding you, in Matters 

vou are much better acquainted with 
/ 

than 
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than I can pretend to be; but give 

me Leave to requeft the Favour of 

your Concurrence, in my Bclire of 

explaining, to thofe that are igno¬ 

rant, a Science that may prove of the 

moll eminent Service towards the 

Advancement of True Knowledge, 

and in which every body that has 

Inclination and Opportunity may be 

able to do fomething. 

Excufe my Miftakes, forgive my 

detaining you thus long, and permit 

me the Honour to be, with all poffi- 

Me Refpecl and Veneration, 

Gentlemen, 

Your moft Obedient 

and devoted Humble Servant, 

Henry Baker. 
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THE 

INTRODUCTION. 

§§i!4IS! N this inquifitive Age, when the 
c3fo 

32 I 22 Defire of Knowledge has fpread 

11411111 itfelf far and wide, and we fit not 

down contented* as heretofore* 

with the Opinions of ancient Times, but 

refolve to examine for Ourfelves, and judge 

from our own Experience ; it may not, per¬ 

haps, prove unacceptable to point out fome 

proper Subjects of Enquiry* 

The Works of Nature are the only Source 

of true Knowledge, and the Study of them 

the molt noble Employment of the Mind of 

Man. Every Part of the Creation demands 

his Attention, and proclaims the Powder and 

Vol. I. a Wifdom a 



xviii The introduction. 
Wifdom of its Almighty Author. The 

fmalled Seed, the minuted Infect, fhews the 

Skill of Providence in the Aptnefs of its 

Contrivance for the Purpofes it is to ferve, 

and difplays an Elegance of Beauty hey end 

the utmod Stretch of Art. 

The Wife in all Ages have been fenfible 

of this Truth ; and, as far as they were able-, 

.have dudied and enquired into the Recedes 

of Nature ; but for Want of proper Helps 

have frequently been midaken. As certain 

Principles mud drd be learned ere we can 

become Maders of any Science, fo in the 

School of Nature, we mud begin with the 

Minutia, the fmalled and mod uncom- 

pounded Parts, ere we can underdand the 

larger and more confiderable. 
~ * 

1 \> ,1 C v <>. } »• T; ' . v‘ri> ■: 'c > f : I i - ' 

The Ancients, having only their naked 

Eyes to trud to, were uncapable of any 

great Difcoveries of this Sort: but we are fo 

happy, that, by the Help of Glades, we can 

didinguilli and examine Objects many Thou- 

fan'ds of Times lefs than what the fharped 

Em unadided, can difcern. In ihort, Mi¬ 

croscopes 

OS! 



The INTRODUCTION. xix 

croscopes furnifh us as it were with a 

new Senfe, unfold the amazing Operations 

of Nature, and prefent us with Wonders 

un thought of by former Ages. „ 

Who, a thoufand Years ago, would have 

imagined it poilihle to diftinguifh Myriads 

of living Creatures in a tingle Drop of Wa- 

tei; ? Or, that the Purple Tide of Life, and 

even the Globules of the Blood fhould be 

feen diflindtly, rolling thro’ Veins and Arte¬ 

ries ftnaller than the fin ell Hair ? That Mil¬ 

lions of Millions of Animalcules fhould be 

difcovered in the Semen MafcuRnum of all 

Creatures? That not only the exterior Form, 

but even the internal Structure of the Bow¬ 

els, and the Motion of the Fluids in a Gnat 

or Loufe, fhould be rendered Objects of 

Sight ? Or, that numberleis Species of Crea¬ 

tures fhould be made vliable, tho’ fo minute, 

that a Million of them are lefs than a Grain 

of Sand ? 

Thefe are noble Discoveries, whereon a 

new Philofophy has been railed, that en¬ 

larges the Capacity of the human Soul, and 

a 2 furniihe§ 



xx The INTRODUCTION: 

furnifhes a more jail and fublime Idea than 

Mankind had before, of the Grandeur and 

Magnificence of Nature, and the infinite 

Power, Wifdom, and Goodnefs of Nature’s 
Almighty Parent. 

That Man is certainly the happieff, who 

is able to find out the greatefi: Number of 

reafonable and ufeful Amufements, eafily at¬ 

tainable and within his Power: and, if fo, 

he that is delighted with the Works of Na¬ 

ture, and makes them his Study, mufl un¬ 

doubtedly be happy; fince every Animal, 

Flower, Fruit, or Infedt, nay, almofl: every 
• , f • , , 

Particle of Matter, affords him an Enter- 

tainment. Such a Man never can feel his 

Time hang heavy on his Hands, or be weary 

of himfelf, for want of knowing how to 

employ his Thoughts : each Garden or 

Field is to him a Cabinet of Curiofities, 

every one of which he longs to examine 

fully; and he confiders the whole Univerfe 

as a Magazine of Wonders, which infinite 

Ages are fcarce fufficient to contemplate and 

admire enough. 

The 
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The Invention of Glasses has brought 

under our Examination the two Extremes of 

the Creation, if I may be allowed to call 

them fo, which were out of the Reach of 

former Ages: I mean, thofe vail and diflant 

Bodies of our Syftem, the Sun and Planets ; 

whofe Dimenfions, Diftances, Motions, Re¬ 

gularity and Order, we are become acquaints 

ed with by the Help of Telescopes : and 

thofe exceedingly minute, and to them in- 

vifible, and unknown (though every where 

at Hand) Species of Animals, Plants, &c. 
which the Microscope has difcovered to 

us. I leave the Telescope to others, who 

are better able to do it jufiice : my Intent 

in this Difcourfe is to treat of the Micro¬ 

scope, and encourage its more general Ufe^ 

by Shewing the Pleafure and Inhrudtion i| 

can afford us, , 

Mr. Boyle fays, in his Difcourfe of the 

Ujefulmfs of Experimental Phihfophy, that 

his Wonder dwells not fo much on Nature’s 

Clocks as on her Watches and, indeed, up¬ 

on comparing th$ Structure of a Mite with 

that 
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that of an 'Elephant, I believe we fliall con¬ 

cur in the fame Opinion. The Largenefs 

and Strength of the one may ftrike us with 

Wonder and Terror, but we fliall find our- 

felves quite loft in Amazement, if we atten¬ 

tively examine the feveral minute Parts of 

the other. For the Mite has more Limbs 

than the Elephant, each of which is furnifh- 

ed with Veins and Arteries, Nerves, Mufcles, 

Tendons, and Bones : it has Eyes, a Mouth, 

and a Probofcis too (as well as the Elephant) 

to take in its Food; it has a Stomach to 

digefl it, and Inteftines to carry off what is 

not retained for Nourlfhment : it has an 

Heart to propel the Circulation of its Blood, 

a Brain to fupply Nerves every where, and 

Parts of Generation as perfect as the larged: 

Animal. Let us now flop, look back, and 

confider, as far as our Abilities can reach, 

the excefiive Minutenefs of all thefe Parts; 

and if we find them fo furprizing .and be¬ 

yond our Ideas, what fliall we fay of thole 

many Species of Animalcules, to whom a 

Mite itfelf, in Size, is as it were an Ele¬ 

phant ? 

All 
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All thefe, and numberlefs Wonders more, 

the Microscope can exhibit to us. I (hall 

therefore proceed to defcribe this noble In¬ 

vention , fliew how far it is improved at 

prefent, give a brief Account of what Dif- 

coveries have been made, and point out 

fome Objects for the Curious to examine 

by it. In doing this, I (hall avoid as much 

as poflible all Affectation of Learning, or 

Expreffions that are not in common Speech, 

being defirous that every body may under- 

Hand me. 

T H E 
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CHAP. I. 
V \ 

Of Microscopes in General. 

Microscopes we are under- 
B h*| ilopd to mean, Inftruments of what* 

ever $truBure or Contrivance, that 
can make fmall Objects appear larger 

than they do to the naked Eye. 
This is effected by Glaffes formed con-* 

vex. 
Vol. I. $ When 
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2 Of Microscopes in General, 

When only one fuch convex Glafs or 
Lens * is ufed for this Intent, the Instru¬ 
ment it is fixt in, however fafhioned, is 
called a Single Microfcope : but if two or 
more Glades are employed, conjointly, to 
magnify O.bjeds more, it is then called a 
Double or Compound Microfcope. 

One remarkable Difference in the EfFed 
of thefe two Inflruments is, that an Objed 
viewed through a Single convex Glafs ap¬ 
pears magnified, in the fame Portion exadly 
as when feen by the naked Eye ; but when 
viewed through a Double Microfcope, com- 
pofed of three con vex Glades, all Parts of it 
become inverted 3 that is, the Top of the 
Objed appears at Bottom, the Right Side on 
the Left, and every Part in the Place mod 
oppodte to its natural and true Podtion : 
The Lights and Shades being alfo inverted, 
the finking Parts appear to rife, and the 
ridng Parts to fink in. 

To what Accident, to what Country, or 
to whom, we are obliged for the Invention 

* The Word Lens properly fign i'iies a fmall Glafs in Figure 
of. a Lentil ; but is extended to any Optic Glafs not very 
chick, which either collects the Rays of Light into a Point 
in their Paifage through it, or difperfes them apart, accord¬ 
ing to the Laws of R.efra£Lon. Jf convex on both Sides, it 
is called a Convex Lens ; but if one Side be flat, a Plano- 
Convex-c if concave on both Sides, it is termed a Concave 
:,en-1 if Hat' on-one Side, a Plano-Concave; if convex on 
one Side, and concave on the other, a Convexo-Concave, or 
Concavo-Convex» - 

of 
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of Microfcopes, is not in me to determine: 
the Honour lias been given by fome to 
Dr ebb el, & Dutchman-, by others to Fon¬ 

tana, a Neapolitan and by others frill to 
different People. The firft Appearance of 
them however was about the Year 1621 i 
fince when they have been improving down 
to the prefent Time. 

As my Defire is, to make People fenfible 
of the Pleafure and Information the Micro- 
fcope can afford, and inftrudt them how to 
manage and underfland it, rather than how 
to make it, I fhall take up none of their 
Time with the Manner of melting, grind¬ 
ing, polifhing, or fetting of Glaffes a Work 
very few of my Readers will ever trouble 
themfelves about. But, inftead thereof, I 
fhall endeavour, with all the Brevity and 
Clearnefs I am able, to explain the Effects 
of Glaffes on the Sight, and lead them gra¬ 
dually into the Nature, Ufes, and magnify¬ 
ing Powers of Microfcopes. 

When ObjeCts are feen through a perfectly 
flat Glafs, the Rays of Light pafs through 
it, from them to the Eye, in a flrait Direc¬ 
tion, and parallel to each other; and confe- 
quently the GbjeCf s appear very little either 
diminifhed or enlarged, or nearer or farther 
off, than to the naked Eye. But if the 
Glafs they are feen through has any Degree 
of Convexity, the Rays of Light are direct¬ 
ed from the Circumference towards the 

B 2 Center, 



4 Of Microscopes in General. 

Center, in an Angle proportionable to the 
Convexity of the Glafs, and meet in a Point, 
at a greater or lefs Diflance from the Glafs, 
as it is lefs or more convex. This Point, 
where the Rays meet, is called the Focus ; 
and this Focus is nearer or farther off, ac¬ 
cording to the Convexity of the Glafs: for 
as a little Convexity throws it to a confi- 
derable Diflance, when the Convexity is 
much, the Focus is very near. Its magni¬ 

fying Power is alfo in the fame Proportion 
to the Convexity: for as a flat Glafs mag¬ 
nifies fcarce at all, the lefs a Glafs departs 
fromFlatnefs, the lefs ofcourfe it magnifies; 
and the more it approaches towards a glo¬ 
bular Figure, the nearer its Focus is, and 
the more its magnifying Power. 

People's different Length of Sight depends 
on the fame Principle, and arifes from a 
more or lefs Convexity of the Cornea and 
Cryjlalline Humour of the Eye : the rounder 
thefe are, the nearer will the Focus or Point 
of ?neeting Rays be, and the nearer an Ob- 
jedl mufl be brought to fee it well. The 
Cafe of fhort-fighted People is only an Over- 
roundnefs of the Eye, which makes a very 
near Focus; and that of old People is a 
Sinking or Flattening of the Eye, whereby 
the Focus is thrown to a great Diflance: 
fo that the former may properly be called 
Eyes of too jfhort, and the latter. Eyes of too 
long a Focus. Hence too the Remedy for 

the 
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the laft is a convex Glafs, to fupply the 
Want of Convexity in the Eye itfelf, and 
bring the Rays to a Ihorter Focus ; whereas 
a concave Glafs is needful for the firft, to 
fcatter the Rays, and prevent their coming 
to a Point too foon. 

Nothing is morecommon than to obferve 
old People holding Objects they would exa¬ 
mine at a great Diftance from them, for 
the Reafon above-mentioned; and every 
body knows, Ihort-fighted People cannot 
diftinguilh any thing without bringing it 
very near their Eyes. Both Extremes are 
inconvenient; but thofe whofe Eyes are flat 
by Age Ihould remember with Satisfaction, 
that they have enjoyed the Pleafure of them 
for many Years ; and the Short-lighted may 
comfort themfelves, that they can diftin- 
guilh much fmaller Objects than long- 
lighted People: for the Qbjedt is magnified 
in Proportion to the Roundnefs of the Eye 
and the Nearnefs of the Focus, and confe- 
quently appears four times as big to an Eye 
whofe Focus is but four Inches off, as it 
does to one whofe focal Diftance is at eight 
Inches, They have alfo this farther Advan¬ 
tage, that Age improves their Eyes, by the 
fame Means it impairs other People’s, that 
is, by making them more flat. 

The nearer any Objedt can be brought to 
the Eye, the larger will be the Angle under 
which it appears, and the more it will be 

B 3 mag-. 
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magnified. Now, that Diftance from the 
naked Eye, where the Generality of People 
are fuppofed to fee fmall Objects belt, is at 
about eight Inches; confequently,whenfuch 
Objects are brought nearer than eight Inches 
(fuppofe to fix) they’ll become lefs diftinft; 
and if nearer Hill, on to four or three, they 
will fcarce be feen at all. But by the Help 
of convex Glades we are enabled to view 
things, clearly, at much (hotter Biftances 
than thefe : for the Nature of a convex Lens 
is, to render an Object diftindJy vifiMe to 
the Eye at the Diftance- of its Focus; where¬ 
fore the fmalier a Lens is, and the more its 
Convexity, the nearer is its Focus, and the 
more its magnifying Power. 

As it is art eafy matter to melt a Glafs 
Drop or Globule of a much fmalier Dia¬ 
meter than any Lens can poftiblybe ground^ 
and as the Focus of a Globule is no farther 
off than one quarter of its own Diameter, 
and confequently it mu ft magnify to a-pro¬ 
digious Degree, fome Years ago People were 
extremely fond of fuch Globules, and ima¬ 
gined no good Microfcope could be without 
them: but Experience has fmee taught, that 
they admit fo little Light, can fhew fuch 
an exceeding minute Part only of any Ob¬ 
ject, are fo difficult to make ufe of, and 
ftrain the Eves fo much, that their Power of 
magnifying, for Want of due Diftinctnefs, 
is father apt to produce Error than difeover 

Truth ; 
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Truth: and therefore now they are very 
rarely employed. 

C TI A P. II. 

Of the Kinds of Micro scopes. 

MIcroscopes are either Single or 
Double : the Single have but one 

Lens 5 the Double are a Combination of 
two or more. Each of thefe two Kinds has 
its particular Advantage: for a fingle Glafs 
fhews the Qbjedt nearer at hand, and ra¬ 
ther more diftin<£b •, and a Combination of 
Giaffes prefents a larger Field, or, in other 
Words, exhibits more of an Objedt, equally 
magnified, at one View. It is difficult to 
determine which of thefe to recommend, 
fince each affords a different Kind of Plea- 
fure. Each of them too can produce conii- 
derable Authorities in its Favour ; for Mr* 
Leeuwenhoek J never ufedany but fingle 

X Several Writers repreient the Giaffes Mr. Leeuwen¬ 
hoek made ufe of in his Microfcopes, to be little Globules 
or Spheres of Glafs; which Miftake moll probably ariles 
from their undertaking to defcribe what they had never feen: 
for at the Time I am writing this, the Cabinet of Micro¬ 
fcopes left by that famous Man, at his Death, to the Royal 
Society as a Legacy, is Handing upon my Table; and I 
can affure the World, that every one of the twenty-fix 
Microfcopes contained therein is a double convex Lens, 
and not a Sphere or Globule. 

B 4 Micro-* 
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Microfcopes ; and, on the contrary, Mr. 
Ho oke made all his Obfervations with 
double ones. 

The famous Microfcopes of Mr. Leeu- 

wenhoek are the moil fimple poffible, 
being only a fingle Lens, fet between two 
Plates of Silver perforated with a fmall 
Hole, with a moveable Pin before it, to 
place the Objedt on, and adjuil it to the 
Eye of the Beholder. By thefe he made 
thofe wonderful Difcoveries which fur- 
prized the World fo much, and introduced 
a new Syilem of Philofophy and Reafon- 
ing, as in the Courfe of this Treatife I ihall 
find Occafion more at large to mention. 

There are many pretty little Contrivances 
fold at the Shops for the viewing of fmall 
Objects, which are entertaining as far as can 
reasonably be expected from them: but to 
enumerate all thefe would be a tedious Talk. 
It fhould alfo be a Matter more of Curio- 
fity than Profit, to defcribe the Forms and 
Apparatus of the feveral Kinds of Micro¬ 
fcopes that have been contrived fince the 
firfl Invention of them. I ihall therefore 
confine myfelf to give an Account of fuch 
only in ufe among ourfelves at prefent, as, 
by having a proper Set of Glaifes, gradu¬ 
ally magnifying one above another, are fit 
to make Difcoveries of Conference, 

CHAP, 
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CHAP, III. 

Of Mr. Wilson's Single Pocket 

Microfcope. 

r ri H E firft that I fhall mention, is 
Mr, Wilson's Single Pocket Micro- 

fcope; the Body whereof, made either of 
Brafs,Ivory,or Silver, is reprefented(P/^I.) 
by AA. BB. 

CC. is a long fine-threaded male Screw* 
that turns into the Body of the Microfcope. 

D. a convex Glafs at the End of the faid 
Screw. 

*Two concave round Pieces of thinBrafs, 
with Holes of different Diameters in the 
Middle of them, to cover the faid Glafs* 
and thereby diminifh the Aperture, when 
the greateft Magnifiers are employed. 

EE. three thin Plates of Brafs within the 
Body of the Microfcope, one whereof is bent 
femicircularly in the Middle, fo as to form 
an arched Cavity for the Reception of aT ube 
of Glafs, whereas the two flat Plates are to 
receive and hold the Sliders between them, 

F. a Piece of Wood or Ivory, arched in 
the Manner of the femicircular Plate, and 
cemented thereto. 

G. the other End of the Body of the Mi« 
crofcope, where a hollow female Screw is 
adapted to receive the different Magnifiers. 

H, a 
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H. a fpiral Spring of Steel, between the 
faid EndG and the Plates of Brafs; intended 
to keep the Plates in a right Pofition, and 
counteract againfl the long Screw CC. 

I. a fmall turned Handle, for the better 
holding of the Infirument, to fcrew on or 
off at Pleafure. 

To this Microfcope belong fevendifferent 
magnifying Glafles : fix of them are fet in 
Silver, Brafs, or Ivory, as in the Figure K, 
and marked 1. 2. 3. 4. 5, 6. ; the lowefl 
Numbers being the greateft Magnifiers. 

L. is the feventh Magnifier,, fet in the 
Manner of a little Barrel, to be held in the 
Hand for the viewing any larger ObjeCt. 

M. is a flat Slip of Ivory, called a Slider, 
with four round Holes through it, where¬ 
in to place ObjeCts between two Glafles, or 
Pieces of Mufcovy Talc, as they appear 
el d d et. 

Eight fuch Ivory Sliders, and one of 
Brafs, are nfuaily fold with this Microfcope; 
fome with ObjeCts placed in them, and 
others empty, for viewing any thing that 
may offer : but whoever pleafes to make a 
large Collection of ObjeCts, may have as 
many as he defires. 

The Brafs Slider Is to confine any fmall 
ObjeCt, that it may be viewed without 
crufhing or deftroying it. 

N. is a Forceps or Pair of Flyers, for 
the taking up of InfeCts, or other ObjeCts, 
and adjufting them to the Glaffes. 

O. is 
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O. is a little HairBrufh or Pencil, where¬ 
with to wipe any Dull from off the Glaffes, 
or to take up any fmall Drop of Liquid 
one would examine, and put it upon the 
Talcs or Ifinglafs. 

P. is a Tube of Glafs, contrived to con¬ 
fine living Objeds, fuch as Frogs, Fifhes, 
&c. in order to difcover the Blood, as it 
Breams along the Veins and Arteries. 

All thefe Particulars are contained in a 
little neat Box, very convenient for carry¬ 
ing in the Pocket. 

When an Objed is to be viewed, thruR 
the Ivory Slider, in which the faid Objed is 
placed, between the two flat Brafs Plates 
EE: obfervingalways to put that Side of the 
Slider where the Brafs Rings are, fartheR 
from your Eye. Then fcrew on the mag¬ 
nifying Glafs you intend to ufe, at the End 
of the InRrument G ; and looking through 
it againft the Light, turn the long Screw 
CC, till your Objed be brought to fit your 
Eye; which you will know by its appearing 
then perfedly diRindand clear.—’Tis beR 
to look at it RrR, through a Magnifier that 
can fhew the Whole thereof at once, and 
afterwards to infped the feveral Parts more 
particularly with one of the greateR Magni¬ 
fiers : for thus you will gain a true Idea of 
the Whole, and of all its Parts. And tho’ 
the greateR Magnifiers can Riew but a mi¬ 
nute Portion of any Objed at once, fuch as 

8 the 
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the Claw of a Flea, the Horn of a Loufe, or 
the like ; yet by gently moving the Slider 
that contains your Objed, the Eye will 
gradually overlook it all : and if any Part 
lliould be out of Didance, the Screw CC 
will eafiiy bring it to the true Focus. 

As Objeds muft be brought very near the 
Glaffes when the greateft Magnifiers are 
ufed, be particularly careful not to fcratch 
them by rubbing the Slider againd them 
as you move it in or out. A few Turns of 
the Screw* CC will eafiiy prevent this MiG 
chief, by giving them Room enough. 

You may change the Objeds in your 
Sliders, for what others you think proper, 
by taking cut the Brafs Rings with the 
Point of aPen-knife; thelfinglafs will then 
fall out, if you but turn the Sliders ; and 
after puttingwdiat you pleafe between them, 
by replacing the Brafs Rings, you will 
fallen them as they were before. *Tis pro¬ 
per to have fome Sliders furnifhed with 
Talcs, but without any Objeds between 
them, to be always in Readinefs for the 
Examination of Fluids, Salts, Sands, Pow¬ 
ders, the Farina of Flowers', or any other 
cafual Objeds of fuch fort as need only be 
applied to the Outfide of the Talc. 

The Circulation of the Blood may eafiefl 
be Teen in the Tails or Fins of Filhes, in the 
fine Membranes between a Frog’s-Toes, or, 
beR of all, in the Tail of a Water-Newt. 

If 
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If your Qbied be a fmali Fifh, place it 
within the Tube, and fpread its Tail or Fin 
againd the Side thereof: if a Frog, chafe 
fuch an one as can but jud be got into your 
Tube, and with a Fen or Stick expand the 
tranfparent Membrane between the Toes of 
the Frog’s hind Foot as wide as you are able. 
When your Objed: is fo adjufted that no 
Part thereof can intercept the Light from 
the Place you intend to view, unfcrew the 
long fcrew CC, and thrud your Tube into 
the arched Cavity, quite through the Body 
of the Microfcope; then fcrew it to the true 
focal Didance, and you will fee the Blood 
pafiing along its Yeffels with a rapid Mo¬ 
tion, and in a mod furprifing Manner. 

Make ufe of the third or fourth Magnifier 
for Frogs or Fidies; but for the Tails of 
Water-Newts, the fifth or fixth will do; 
becaufe the -Globules of their Blood are 
twice as large as thofe of Frogs or Fifih. 
The firp or fecond Magnifier cannot well 
be employed to this Purpofe; for theThick- 
nefs of the Tube wherein the Objedt lies, 
will fcarce admit its being brought fo 
near as the focal Didance of the Magnifier. 

The Single Mict'ofcope above defcribed 
maybe formed into a Double One, by fcrew- 
ing it to a Tube with an Eye-Glafs at the 
End thereof: it is alfo made to anfwer nearly 
the Purpofes of the large Double Reflecting 
Microfcope, by the Contrivance following 

C H A°P. 
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CHAP. IV. 

A new Invention for fixing the Pocket 

Microscope, and giving Light to it by 
a Speculum. Plate II. 

IN this Plate, A is a Scroll of Brafs, fixed 
upright on a round Pedeftal of Wood 

B, fo as to hand perfectly firm and Heady. 
C. is a Brafs Screw, that paffes through 

a Hole in the upper Limb of the Scroll, 
into the Side of the Microfcope D, and 
fcrews it fail to the faid Scroll. 

E, a concave Looking-glafs or Speculum* 
fet in a Box of Brafs, which hangs in the 
Arch G, by two fmall Screws ff that fcrew 
into the oppofite Sides thereof. 

At the Bottom of the faid Arch is a Pin 
of the fame Metal, exadly fitted to a Plole 
b, in the wooden Pedeftal made for the Re¬ 
ception of the faid Pin. 

As the Arch turns on this Pin, and the 
Speculum turns on the Ends of the Arch, it 
may, by this twofold Motion, be eafily ad- 

■jufted, in fuch a manner, as to reded the 
Light of the Sky, the Sun, or a Candle, 
diredly upwards, thro’ the Microfcope that 
is fixed perpendicularly over it; and, by fo 
doing, may be made to anfwer almofl all 
the Ends of the large Doable Refolding Mi- 
crofcope, which I fhall prefenfly defcribe. 

•The 
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The Body of the Microfcope may alfo 
be fixt horizontally, and Objects may be 
viewed in that Pofition, by any Light you 
choofe; which is an Advantage the Re¬ 
flecting Microfcope has not. 

It may alfo be rendered farther ufefnl, by 
means of a Slip of Glafs, one End of which 
being thrufl between the Plates where the 
Sliders go, and the other extending to fome 
Diflance, fuch ObjeCts may be placed there¬ 
on, as cannot be applied on the Sliders : 
and then, having a Limb of Brafs that may 
fallen to the Body of the Microfcope, and 
extend over the projecting Glafs a hollow 
Ring wherein to fcrew the Magnifiers, all 
Sorts of SubjeCls may be examined with 
great Conveniency, if a Hole be made in 
the Pedeftal, to place the Speculum exact¬ 
ly underneath, and thereby throw up the 
Rays of Light. 

The Pocket Microfcope thus fixt is, if I 
may prefume to judge, as eafy and pleafanfc 
in its Ufe, and as fit for the moll curious 
Examination of the Animalcules and Salts in 
Fluids, of the Farinas in Vegetables, of the 
Circulations in fin all Creatures: in fhort, it 
is as likely to make conflderable Difcoveries 
in ObjeCls that have fome Degree of Tranf- 
parency, as any Microfcope I have ever leen 
or heard of. It is alfo a material Part of the 
Solar, or Camera Obfcura Microfcope, which 
I fhall by and by defcribe. 

C H A P. 
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CHAP. V. 

Of the Double Reflecting Microscope, 

THE Double Reflecting Microfcope in 
Ufe at prelent (whofe Picture with, 

its Apparatus is feen Plate III.) is an Altera¬ 
tion and Improvement, by Mr. Culpeper 

and Mr. Scarlet, of Mr. Marshal's 

large Double Microfcope; than which it is 
lefs cumberfome, may be managed with 
much more Eafe, and, by means of a re¬ 
flected Light, is capable of fhewing Objects 
in a clearer and more pleafing Manner. 

The Body of this Microfcope A A A A, 
being a large Tube, is fupported by three 
Brafs Pillars bbb, riling from a wooden Pe~ 
dedal C in which Pededal is a Drawer D, 
to hold the Objed-Glades and other Parts 
of the Apparatus; 

A lefier Tube, e e, Hides into the greater, 
and fends from its Bottom another Tube 
much fmaller than itfelf, f with a male 
Screw g, at the End thereof, whereon to 
fcrew the ObjeCt-Glafs or Magnifier. 

There are five of thefe Magnifiers, num¬ 
bered 1.2.3. 4* 5* which Numbers are alfo 
marked on the inner Tube, to direCi where¬ 
about to place it according to the Magnifier 
made ufe of: but if then it fits not the Eye 
exactly, Aide the inner Tube gently higher 

©r 
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or lower, turn the Screw of the Magnifier, 
gradually, till the Objed appears diflind.— 
Take Notice, that the greated Magnifiers 
have the fmallefl Apertures and the lowed 
Numbers. 

L. is a circular Plate of Brafs, lixt hori¬ 
zontally between the three Brafs Pillars ; 
and in the Center thereof a round Hole M. 
is adapted to receive a proper Contrivance 
N. for holding Ivory Sliders, wherein Ob¬ 
jeds are placed : which Contrivance con- 
lifts of a fpiral Steel Wire confined between 
three Brafs Circles, one whereof is move- 
able for the Admiffion of a Slider. 

O. is a round Brafs Plate, with feveral 
Holes for placing Objeds in, fome of which 
are uduallyf 11 rnifhed with them at the Shops : 
but two Holes are commonly referved for 
fmall concave Glaffes, whereon to place a 
Drop of any Liquid, in order to view the 
Animalcules, &c. There is alfo a Piece of 
white Ivory, and a Piece of black Ebony, 
of the fame Size and Shape as the Holes for 
Objeds : the Ivory is to put opake Objeds 
on that are black, and the Ebony is to re¬ 
ceive fuch as are white; by which Contra¬ 
riety of Colours they will be feen more 
clearly.——At the Bottom of this Objed-- 
Plate is a Button, to flip into a Slit P. that 
fits it, on the circular Plate of Brafs: and by 
turning it round on this Pin, all the Objeds 
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may be examined fucceffively with very lit¬ 
tle Trouble. 

is a concave Looking-glafs, fet in a 
Box of Brafs, and turning in an Arch R. 
upon two fmall Screws ss. From the Bot¬ 
tom of the Arch comes a Pin, which, be¬ 
ing let down into a Hole t9 in the Center 
of the Pedeftal, enables the Looking-glafs to 
turn vertically, or horizontally, and reded; 
the Light, either of a Candle, or the Sky, 
diredly upwards on theObjed to be viewed. 

V. is a plano-convex Lens, which by 
turning on two Screws when the Pin at 
the Bottom of it is placed, the Hole W. for 
its Reception in the circular Plate L. will 
tranfmit the Light of a Candle, to illuminate 
any opake Gbjed that is put on the round 
Piece of Ivory, or on the Ebony, for Exami¬ 
nation : and it may be moved higher or low¬ 
er as the Light requires. This Glafs is of 
good Service to point the Sunihine, or the 
Light of a Candle, upon any opake Gbjed; 
but in plain Day-light it is of no great' Ufe. 

X. a Cone of black Ivory, to fallen on a 
Shank underneath the Brafs circular Plate 
L. principally, when the frit or fecond 
Magnifier is made ufe of, and the Gbjed 
very tranfparent: for Experience teaches, 
that fuch Objeds are rendered much more 
didindly viiibie, by intercepting fame Part 
of the oblique Rays refieded from the con¬ 
cave Looking-glafs, 

The J 
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TheBrafsFifh-panY.is to fatten a Smelt, 
Gudgeon, or any fuch fmall Fifh upon, to 
fee the Blood circulate in its Tail. For 
which Purpofe, the Tail of the Fifh mutt 
be fpread acrofs the oblong Hole at the 
fmalleft End of the Pan : then, by flipping 
the Button on the Backfide of the Pan into 
the Slit P. through the circular Plate L. the 
Spring that comes from the B u tton will make 
it tteady, and prefent it well to View. 

But if it be a Frog, a Newt, or Eel, in 
which the Circulation isdefired to be fhewn, 
a Glafs Tube 1. is fitted for the Purpofe. 
The Tail of a Newt, or Eel, or, in a Frog, 
the Web between the Toes of the Hind- 
Feet, are the Parts where it may be feen 
beft. When the Objedt is well expanded on 
the Infide of the Tube, Aide the Tube along 
under the circular Brafs Plate L. (where 
there are two Springs and a Cavity made in 
the Shank to hold it) and bring your Ob¬ 
ject diredtly under the Magnifier. 

There are three of thefe Glafs Tubes, 
finaller one than another, and the Size of 
the Objedl mutt diredt which to ufe; but in 
general, the lefs Room the Creature has to 
move about in, the eafier it may be ma¬ 
naged, and the quieter it will lie tp be 
managed. 

The Cell 2. with a concave and a plain 
Glafs in it, is intended to confine Fleas, 
Lice, Mites, or any fmall living Objedts, 

C 2 during 
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dining Pieafure ; and by placing it over the! 
Hole M. in the Middle of the circular Brafs' 
Plate, they maybe viewed with much Con- 
veniency.- - -Three loofe Glafles-, vigh one 
plain, and two concave, belong alfo to this 
Microfcope, and are defigned to confine 
Objedts, or place them, upon occafionally, 

P^e l°ng Steel Wire 3. with a Pair of 
Flyers at one End, and a Point at the other, 
to hold fad, or flick Objedls on, flip back¬ 
wards or forwards in a Brafs fhort Tube, 
whereto a Button is fattened, which fits 
irito the little Hole z9 near the Edge of the 
Brafs Plate L : and, then, the ObjedI may 
be readily brought to a right Pofition, and 
a Light be cafl upon it, either by the Look- 
ing-glafs underneath, or, if it be opake, by 
the plano-convex Lens V. 

4. is a flat Piece of Ivory called a Slider, 
with four round Holes through it, and Ob- 
jetls placed in them between Mufcovy Talcs 
or liinglafs, kept in by Brafs Wires. 

It is proper to have a Number of thefe 
Sliders filed with curious Objedls, always 
ready, as well as fome empty ones, for any 
new Thing that offers. When made ufe of, 
thrufl them between the Brafs Rings of 
tne Contrivance on purpofe for them, N. 
which fhoots into the round Hole M. in 
the Center of the Brafs Plate L* This 
keeps them heady, and at the fame time 
permits them to be moved to and fro for a 
thorough Examination, 

A little 

/ 
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A little Ivory round Box 5. to hold Pieces 
of Ifinglafs for the Sliders." 

6. a fmall Hair Brufh, to wipe any Dull 
off the Glafs, or to apply a Drop of any 
Diquid. 

7. A Pair of Nippers, to take up any Ob¬ 
ject to he examined. 

The two Microfcopes I foall defcribe 
next, viz. the Solar, or Camera Ob four a 
Microfcope, and the Microflcope for Opake 
ObjeCls, are of a foreign Invention, and but 
lately known to us. We are, indeed, 
obliged for them both to a Gentleman of 
Rruflia, the ingenious Dr. Liberkhun, 
who, when he was in England, in the Year 
1740, fhewed an Apparatus for each of 
thefe Purpofes to feveral Gentlemen of the 
Royal Society, and alfo to fome Opticians; 
amongfc whom, Mr. Cuff, againft Serr 

jeanfs Inn Gate, in Fleet-Street, has taken 
great Pains to improve and bring them to 
Perfection : and therefore I fliall give a 
Pefcriptiorj, of them, as made and fold by 
him. 

5 9 
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C H A P. VI. 

ij’be Solar, or Camera Obscura 

Microfcope. 

T HIS Microfcope depends on the Sun- 
fhine, and muffc be made ufe of in a 

darkened Chamber, as its Name implies. 
It is compofed of a Tube, a Looking 

glafs, a convex Lens, and Wilson’s Single 

Pocket Microfcope before defcribed, p. g. 
The Sun’s Rays being directed by the 

Looking-glafs through the Tube upon the 
Objed, the Image or Pidure of the Qbjed 
is thrown, diiliudly and beautifully, upon 
a Screen of white Paper, or a white Linen 
Sheet, placed at fome Diilance to receive 
the fame ; and may be magnified, to a Size 
beyond the Imagination of thofe who have 
not fecn it: for the farther off the Screen is 
removed, the larger will the Objed'appear; 
infomuch that a Loufe may be magnified 
to the Length of five or fix Feet, or even a 
great deal more : but it is indeed more dif- 
tind, when not enlarged to above half that 
Size * *. ~ The 

e « o c 

* Having, in the Jscond Edition of this Work, inferred a 
curious Draught of the SolahMicrofcope, which was not in 
the former Imprefiion, and given a more particular De- 
fcription of that Initrumenr, and its Apparatus, than I 
poflibly could before : left the Purchafers of thefirfi Edition 

fcould have found Reafon to complain of beinp unkindly . *■ G ‘ t 

u led. 
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The Apparatus for this Purpofe, as repre- 
fented in the Plate annexed, is as follows. 

A. a fquare wooden Frame, thro’ which 
two long Screws pafs, and, aftifted by a cou¬ 
ple of Nuts 1. 1. fallen it firmly to a Win- 
dow-lhutter, wherein a Hole is made for 
its Reception ; the two Nuts being let into 
the Shutter, and made fa ft thereto. 

A circular Hole is made in the Middle of 
this Frame, to receive a Piece of W ood of a 
circular Figure, B, whole Edge, that pro¬ 
jects a little beyond the Frame, compofes a 
fhallow Groove 2, wherein runs a Cat-gut 3 5 
which, by twilling round, and then crofting 
over a Brafs Pully 4 (the Handle whereof, 
5, palfes thro’ the Frame) affords an eafy 
Motion for turning round the circular 
Piece of Wood B, with all the Parts there¬ 
to affixt. 

C. is a Brafs Tube covered with Seal- 
Skin, which, fcrewing into the Middle of 
the circular Piece of Wood, becomes a 
Cafe for the uncovered Brafs Tube D. to 
be drawn backwards or forwards in. 

E. a fmaller Tube of about one Inch in 
Length, cemented to the End of the larger 
Tube D. 

ufed, I took care that the laid Drawing and Defcription, 
with what other little Additions appeared neceffkry to render 
the book more perfect, fhould be prefented to them gratis, 
upon applying to thofe they bought them of. But no fuch 
Care is requifite at prefent, this Impreffion being printed from 

the fecsnd, without any Difference of Confequence. 
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F. is another fhort Brafs Tube, made to 
Hide over the above-defcribed Tube E. To 
the End hereof the Microfcope muff be 
fere wed when we come to ufe it. 

5. a convex Lens, whofe Focus is about 
twelve Inches, defigned to colled; the Sun’s 
Rays, and throw them more ftrongly upon 
the Objed. 

G. a Looking-glafs of an oblong Figure, 
fet in a wooden Frame, fade tied by Hinges 
to the circular Piece of Wood B, and. turn¬ 
ing about therewith, by Means of the above- 
mentioned Cat-gut. 

H. a jointed Wire, partly Brafs and partly 
Iron : the Brafs Part whereof, which is fiat, 
6, being fattened to the Looking-glafs, and 
the Ron Part, which is round, y, palling 
through the wooden Frame, enable the 
Obferver (by putting it backwards or for¬ 
wards) to elevate or decline the Glafs ac¬ 
cording to the Sun’s Altitude. 

I-, a Brafs Ring at the End of the jointed 
Wire., whereby to manage it with the great¬ 
er Eafe. 

N. B. The Extremities of the Cat-gut 
are faftened to a Brafs Pin, by turning of. 
which it may be braced up, if at any time it 
becomes too flack. This Pin lying be¬ 
hind, could not be (hewn in the Pidure. 

When this Microfcope is employed, the 
Room mud be rendered as dark as poflible 
for on the Darknpfs of the Room, and 

‘ * 6 ■’ the 
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the Brightnefs of the Sun-fhine, depend the 
Sharpnefs and Perfection of your Image. 
Then putting theLooking-glafsG.through 
the Hole in your Window-ihutter, fatten 
the fquare Frame A. to the faid Shutter 
by its two Screws and Nuts 1. 1. 

This done, adjutt your Looking-glafs to 
the Elevation and Situation of the Sun, by 
Means of the jointed Wire PL together with 
the Cat-gut and fully, 3. 4. For the hrit 
of thefe raifmg or lowering the Glafs, and 
the other inclining it to either Side, there 
refults a twofold Motion, which may eafily 
be fo managed as to bring the Glafs to a 
right Pofition, that is, to make it reded: the 
Sun’s Rays direCtly through the Lens 5. 
upon the Paper Screen, and form thereon 
a Spot of Light exactly round 

As foon as this appears, fcrew the Tube 
C. into the Brafs Collar provided for it in 
the Middle of your Wood-work, taking 
Care not to alter your Looking-glafs: then 
fcrewing the Magnifier you chufe to em¬ 
ploy to the End of your Microfcope, in the 

* Though obtaining a perfect circular Spot of Light 
upon the Screen, before you apply the Microfcope, is a 
certain Proof that your Looking-glafs is -adjufted right, 
that Proof mull not always be expe&ed : for the Sun is fo 
low in Winter, that if it Ihines in a direct Line againll the 
Window, it cannot then afford a Spot of Light exadtly 
round. But if it be on either Side of you, a round Spot 

may be obtained even, in December* 

' " * ' ' ‘" ufual 
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ufual Manner, take away the Lens at the 
other End thereof, and place a Slider, con¬ 
taining the Objedt to be examined, between 
the thin Brafs Plates, as in the other Ways 
of ufing the Microfcope. 

Things being thus prepared, fcrew the 
Body of your Microfcope to the fhort Brafs 
Tube F. which flip over the fmalleftEnd E. 
of the Tube D. and pull out the faid Tube 
D. lefs or more, as your Objedt is capable of 
enduring the Sun's Heat. Dead Objedts 
maybe brought within about an Inch of the 
Focus of the convex Lens, 5 ; but the Dis¬ 
tance mull be Shortened for living Crea¬ 
tures, or they will Loon be killed. 

If the Light falls not exadtly right, you 
may eafliy, by a gentle Motion of the joint¬ 
ed Wire and Fully, diredt it through the 
Axis of the microfcoptic Lens. 

The fhort Tube F. which your Micro- 
feope is ferewed to, enables you, by Aiding 
it backwards or forwards on the other Tube 
E. to bring your Objedts to their true focal 
Diflance ; which will be known by the 
Shar-pnefs andClearnefs of their Appearance: 
they may alio he turned round by the fame 
Means, without beinginthe leafldifordered. 

The Magnifiers mod ufeful in the Solar 
-Microfcope are, in general, the fourth, 
fifth, or fixth. 

Mention having been often made of a 
Screen to throw the Images of Objedts on, 

it 
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it is proper to inform the Reader, that fuch 
a Screen is ufually compofed of a Sheet of 
the larged: Elephant Paper, drained on a 
Frame, which Hides up or down, or turns 
about at Pleafure on a round wooden Pillar, 
in the Manner of fomeFire-fcreens* Larger 
Screens are likewife made fometimes with 
feveral Sheets of the fame Paper paded to¬ 
gether on Cloth, and let down from t^e 
Cieling with a Roller, like a large Map* -t- 

This Micro icope is the mod entertaining 
of any; and, perhaps, the mod capable of 
making Difcoveries, in Objedts that are not 
too opake : as it fhews them much larger 
than can be done any other Way. There 
are alfo feveral Conveniences attending it, 
which no other Microfcope can have : for 
the weaked Eyes may ufe it without the 
lead Straining or Fatigue: Numbers of Peo¬ 
ple may view any Qbjedt together at the 
tame Time, and, by pointing to the parti¬ 
cular Parts thereof, and difcourfing on what 
lies before them, may be able better to un¬ 
derhand one another, and more likely to 
find out the Truth, than when, in other 
Microfcopes, they mud peep one after an¬ 
other, and perhaps fee the Gbjedf neither in 
the fame Light, nor the fame Pofition. Such 
too as have no Skill in Drawing, may, by 
this Contrivance, eadly fketch out the exadt 
Figure of an Objedt they have a Mind to 
preferve a Pidture of; dnce they need only 

faden 
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fatten a Paper upon the Screen, and trace if 
out thereon, either with a Pen or Pencil, as 
it appears before them. 

It is worth their while, who are defirous 
to take many Draughts this Way, to get a 
Frame, wherein a Sheet of Paper may be 
put or taken out at Pleafure for if the 
Paper be Angle, the Image of an Objedb 
will he feen as plainly almoH on the back 
as on the fore Side, and, by Handing be¬ 
hind the Screen, the Shade of the Hand 
will not obHrud: the Light in Drawing, as 
it mu ft in forne Deg ree when one Hands 
before it. 

I mutt obferve, that Dr. Liberkhun’s 

Solar Micr.ofcope had no Looking-glafs 
belonging to it, and therefore was of Ufe 
a few Hours only in a Day, when the Tube 
could be placed diredtly againH the Body of 
the Sun, and even then not without a good 
deal of Trouble : but, by this lucky Con¬ 
trivance of a Looking-glafs, the Sun’s 
Rays may be refledted through the Tube, 
whatever its Height or Situation be, pro-^ 
vided it fliines at all upon the Window, 
and that too with much Eafe and Ad- 

• , , • ft , r-- I1 

vantage. 
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CHAP, VII. 

Of the Microfcope for Opake OhjeSlsi 
• * ■ ; . 7 * ; 1 ■' , ‘ » 

| "1HIS Microfcope remedies the Incoa-f 
venienee of having the dark Side of 

an Objedt next the Eye, which has hitherto 
been an unfurmountable Obfirudtion to the 
making Obfervations on opake Objects 
with any confderable Degree of Exadlnefs 
or Satisfadtion for in all other Contrivan¬ 
ces commonly known, the Nearnefs of the 
Inftrument to the Objedt (when Glades 
that magnify much are ufed) unavoidably 
overfhadows it fo much, as to render its 
Appearance obfcure and undiRindt. And, 
notwithstanding Ways have been tried to 
point Light upon an Objedt, from the Sun 
or a Candle, by a convex Giafs placed on 
the Side thereof, the Rays from either can 
be thrown upon it in fuch an acute Angle 
only, that they ferve to give a confuted 
Glare, but are insufficient to afford a clear 
and perfedt View' of the Objedt. 

But in this new Microfcope, by means 
of a concave Speculum of Silver, highly po- 
lifhed, in whole Center a magnifying Lens 
is placed, fo diredt and ftrong a Light is 
refledted upon the Objedt, that it may be 
examined with all imaginable Eafe and 
Pleafure* 

The 
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The Apparatus for this Purpofe (as in the 
Plate, Numb. IV.) has afforded me more 
Delight and Satisfaction than I am able to 
defcribe; and whoever tries it, will, I believe, 
join in my Opinion, that he never before 
faw an opake ObjeCt with fo much Clear- 
nefs, and in fo perfedt and true a Manner. 

The feveral Parts of this Indrument, made 
either of Brafs or Silver, are as follows. 

Through the f rd Side A. paifes a fine 
Screw B. the other End whereof is faden- 
ed to the moveable Side C. 

D. is a Nut adapted to the faid Screw, 
by the turning of which the two Sides A.C. 
are gradually brought together. 

E. is a Spring of Steel, that feparates the 
faid two Sides when the Nut is unfcrewed. 

F. a Piece of Brafs turning round in a 
Socket, whence proceeds a fmall Spring 
Tube moving upon a Rivet, through which 
Tube there runs a Steel Wire, one End 
whereof terminates in afharp Point G. and 
the other hath a Pair of Plyers H. fadened 
to it.—The Point and Plyers are to thrud 
into or take up and hold any Infedt or Ob¬ 
ject : and either of them may be turned up¬ 
wards, as fuits your Purpofe bed. 

I. a Ring of Brafs, with a female Screw 
within it, mounted on an upright Piece of 
the fame Metal, which turns round on a 
Rivet, that it may be fet at a due Didance 

when 
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when the leaft Magnifiers are employed.— 
This Ring receives the Screws of all the 
Magnifiers. 

K. a concave Speculum of Silver, polifh- 
ed as bright as pofiible, in the Center of 
which a double convex Lens is placed, with 
a proper Aperture to look through it. 
On the Back of this Speculum a male Screw 
L. is made fit to the Brafs Ring I. to fcrew 
into the faid Ring at Pleafure. 

There are four of thefe concave Specula, 
of different Depths, adapted to four Glaffes 
of different magnifying Powers, to be ufed 
as Objedts to be examined may require. 
The greatefl Magnifiers are known by 
having the lead Apertures. 

M. a round Objedt-Plate, one Side white 
and the other black, intended to render Ob¬ 
jects the more vifible, by placing them, if 
black on the white, and if white on the 
black Side. A Steel Spring N. turns down 
on each Side to make any Objedfc faff : and 
iffuing from the Objedt-Plate is a hollow 
Pipe, to fcrew it on the Needle’s Point G. 

O. a fmall Box of Brafs, with a Glafs on 
each Side, contrived to confine any living 
Objedt,in order to examine it: this alfohasa 
Pipe to fcrew upon the End of the Needle G. 

P. a turned Handle of Wood, to fcrew 
into the Infirument when it is made ufe of. 
a a Pair of Brafs Flyers, to take up any 

Objedt, or manage it with Conveniency. 
§ R. a 
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R. a foft Hair Bruih, to clean the GladeS 
or Specula, or apply a Drop of any Liquid 
to the Ifinglafs of the Box O, irl order to 
view the Animalcules. 

■ > i 

S. a fmall Ivory Box for liinglaffes, to be 
placed, when wanted* in the fmall Braf$ 
Box O. ,/ 

When you would'view any Objedt, ferew 
the Speculum^ with the Magnifier you think 
bed to ufe, into the BrafsRing I. Place your 
Objedt either on the Needle G. in thePlyers 
H. on the Objedt-Plate M. or in the Brafs 
hollow Box O. as may be mod convenient, 
according to theNature and Condition of it: 
then holding up your Indrument by the 
Handle P. look againft the Light, through 
the magnifying Lens, and by means of the 
Nut D. together with the Motion Of the 
Needle* by managing its lower End, the 
Objedt maybe turned about, raifed, or de- 
prelfed, brought nearer the Glafs, or put 
farther from it, till you hit the true focal 
Didance, and the Light be leen rededted 
from the Speculum drongly upon the Ob¬ 
ject : by which means it will be fhewn in 
a Manner furpridngly didindt and clear. 
And, for this Purpofe, the Light of the Sky, 
or of a Candle, will anfwer to your Satif- 
fadtion. 

This Microfcope is principally intended 
for opakeObjcdts, but tranfparent ones may 
alfo be viewed by it: obferving only, that 

when 
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when fuch come under Examination, it will 
not always be proper to throw on them the 
Light reflected from the Speculum : for the 
Light tranfmitted through them meeting the 
reflected Light, may, together, produce too 
great a Glare. A little Practice will teach 
how to regulate both thefe Lights to good 
Advantage. 

There is Reafon to expedt great Difcove- 
ries may be made by the Apparatus above 
defcribed, as opake Objedts are a large Field, 
but little hitherto examined, by reafon of 
the great Difficulty in doing it. 

Having given a Defcription of the feveral 
Sorts of Microfcopes in Ufe amongft us at 
prefent, and ffiewn what particular Advan¬ 
tages may be expedted from each, I ffiall 
proceed to inifrudl; the Ignorant in thefe 
Things, with ail the Clearnefs I can, to find 
out the magnifying Powers of the Glades 
they make ufe of, and calculate how many 
Times they enlarge the Diameter, the Super¬ 
ficies, and the Cube ^ or folid Square of any 
Objedt under Examination. And this, I 
perfuade myfielf, will be highly fatisfadtory. 

Some, pernapsj may djflike my fuppo ing the Cube of 
an Object to be magnified, fince, in reality, the Superficies 
only can be feen : but the Neceffity of fuch aSuppofmon will 
appear plainly in the Progrefs of this Work, when we come 
to confider the true Size of Microfcopical Gbje&s, by com. 
paring them with larger Bodies. 

Vol. I. D and 
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and induce many People to be fond of thli 
mod delightful and inftrudive Study, when 
the Difficulties they imagined in it are re~ 
moved, and they perceive it to be as eafy as 
it is pleafant; when they find themfelves 
able to judge of what they fee, not by mere 
random Guefs, but by certain and plain 
Principles. 

C H A P. VIII. 

To find the Magnifying Power of Glajfes em¬ 
ployed in Single Micro/copes. 

THE'Appearance of anyObjed, as to 
Magnitude, is according to the Angle 

it is feen under ; or, in other Words, ac¬ 
cording to the Nearnefs it can be brought 
to the Eye : for the lefs the Diftance it can 
be viewed at is, the more it will appear en¬ 
larged. 

The naked Eye is unable to diftinguiffa 
any Objed brought exceedingly near it: but 
looking through a convex Lens, however 
near the Focus of that Lens he, there an 
Obied maybe difMndtyfeen: and the (mailer 
the Lens is, the nearer will be its hocus, 
and in the fame Proportion the greater muft 

he its magnifying Power, 
From 



T/oe Magnifying Power of Glajfes. 33 

From thefe Principles, it is eafy to find 
the Reafon why the firft or greatefl Mag¬ 
nifiers are fo extremely minute ; and alfo to 
calculate the magnifying Power of any con¬ 
vex Lens employed fingly in a Microfcope. 
For fuch as the Proportion of the natural 
Sight to the Focus of the Lens is, fuch will 
be its Power of magnifying. If the Focus 
of a convex Lens (for Example) be at one 
Inch, and the natural Sight at eight Inches, 
which is the common Standard, an Object 
may be feen through that Lens at one Inch 
diftant from the Eye ; and will appear, in 
its Diameter, eight Times larger than to the 
naked Eye. But as the Objed is magnified 
every Way equally, in Length as well as 
Breadth, we mull fquare this Diameter, to 
know really how much it appears enlarged ; 
and we fhall then find, that its Superficies 
is indeed magnified fixty-four Times. 

Again : Suppofe a convex Lens whofe 
Focus is at one Tenth of an Inch difiant 
from its Center : in eight Inches there are 
eighty fuch Tenths of an Inch ; and there¬ 
fore an Objed may be feen through this 
Lens eighty Times nearer than it can dif- 
tindly by the naked Eye. It will confe- 
quently appear eighty Times longer, and 
eighty Times broader, than it does to com¬ 
mon Sight; and as eighty multiplied by 
eighty makes fix thoufand and four hundred, 
fo many Times it really appears magnified. 

D 2 Tft 
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To go one Step farther: If a convex Glafs 
be fo fmall, that its Focus is no more than 
one twentieth of an Inch diftant; we fhall 
find that eight Inches, the common Dif- 
tance of Sight, contains an hundred and fix- 
ty of thefe twentieth Parts ; and, in Confe- 
quence, the Length and Breadth of an Ob¬ 
ject, when feen through fuch Lens, will each 
be magnified an hundred and fixty Times ; 
which multiplied by an hundred and fixty, 
to give the Square, will amount to twenty- 
five thoufand fix hundred; and fo many 
Times, it is plain, the Superficies of the Ob¬ 
ject mult appear larger than it does to the 
naked Eye at the Diftaftce of eight Inches. 

Therefore, in a fingle Microfcope, to 
learn the magnifying Power of any Glafs, 
no more is necefiary than to bring it to its 
true Focus; the ex ad Place whereof will 
be known, by an Objed’s appearing perfed- 
]y diftind and fliarp when placed there. 
Then, with a Pair of fmall Compafies, mea- 
fure, as nearly as you can, the Diftance from 
the Center of the Glafs to the Objed you 
was viewing, and afterwards applying the 
Compafies to any Ruler with a diagonal 
Scale of the Parts of an Inch marked on it, 
you will eafily find how many Parts of an 
Inch the faid Diftance is : When that is 
known, compute how many Times thofe 
Parts of an Inch are contained in eight 
Inches, the common Standard of Sight, and 

8 that 
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that will give you the Number of Times the 
Diameter is magnified : fquaring the Dia¬ 
meter will give you the Superficies; and if 
it be an Object whofe Depth or whole Con¬ 
tents you would learn, multiplying the Su¬ 
perficies by the Diameter will fhew the Cube 
or Bulk. 

The Superficies of one Side only of an 
Object can be feen at one View; and to 
compute how much that is magnified, is 
mod commonly fufdcient. But fometimes 
it is fatisfadory to know how many minute 
Objects are contained in a larger : as fup- 
pofe, for Indance, I defire to know, how 
many Animalcules would make up the Big- 
nefs of a Grain of Sand. To anfwer this, 
the Cube as well as the Superficies of the 
Animalcules mud be taken into the Ac¬ 
count ; as will be fhewn in the next Chap¬ 
ter. 

As this Treatife is chiefly intended for 
thofe who underhand but little of fuch Mat¬ 
ters, it may neither be needlefs nor unac¬ 
ceptable, to give a Table of the magnifying 
Powers of the convex Glades commonly 
ufed in fingle Microfcopes, according to 
their different Focus: whereby, upon mea- 
fu ring what the bed Didance from the 
Glafs to view the Objed is, its Power of 
magnifying the Diameter, the Superficies, 
and the Cube of an Objed, will be found, 
in one Line. 

d 3 See 
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See the Table1. 

As this Table is given in round Num¬ 
bers, it is fo clear and eafy, that I believe 
whoever can but divide and multiply a few 
Figures will readily underftand it. 

I have taken no Notice of any Magnifier 
whole Focus is at a greater Diftance than 
the half of an Inch ; becaufe Glades that 
magnify lefs than that, may very eafily be 
calculated by the Rules above laid down : . 
nor, when I come to the greateft Magnifiers, 
have I mentioned any of a fhorter Focus 
than the one hundreth Part of an Inch ; 
fince it is fo difficult to grind a Lens to a 
Smalinefs beyond, or even fo minute as this, 
that perhaps few of my Readers may ever 
meet with fuch an one. And though Glo¬ 
bules of Glafs may be melted fo extremely 
little as to have their Focus at not half this 
Diftance, and confequently their magnifying 
Powers prodigioufly greater; theUfe of them 
is fo troublefome, and attended with fuch 
Want of Light, fuch Undiftin&nefs and 
Uncertainty, that, indeed, they are of very 
little Service. 

The magnifying Powers of the Glades em¬ 
ployed in Wilson’s Pocket Microfcope, and 
alfo of thofe belonging to the opake Micro- 
fcope, are to be calculated in the forego¬ 
ing Manner. And as People will, no Doubt, 



To he placed after Page 36. 

* A TABLE of the MAGNIFYING POWERS of CONVEX GLASSES, 
employed in Single Microscopes, according to the Difiance of their 

Focus: Calculated by the Scale of an Inch divided into an Hundred Parts: 

Shewing how many Times the Diameter, the Superficies, and the Cube of an Objedt is 
magnified, when viewed through fuch Glajfes, to an Eye whole natural Sight is at 
Eight Inches, or Eight Hundred of the Hundredth Parts of an Inch. 

Magnifies Magnifies Magnifies the 
the Dia- the Super- Cube of an 
meter, ficies. Objeffi^ 

* " l9 or S°1 16 256 4,096 

-A, or 40 20 400 8,000 

~r~o 9 or 3° 26 676 17,576 
t> or 20 40 1,600 64,000 

15 x 53 2,806 148,877 

r4 c 57 3>249 185,193 : 

^ 61 3>721 226,981 
12 § 66 4.3s6 287,496 

The Focus oT 
11 ^0 72 S’i84 373,248 

■At, or 10 J-2 80 6,400 512,000 y Times. 
a Glafs at 9 1 88 7>744 681,472 

8 100 10,000 1,000,000 

7 
CL) 

•S JI4 12,996 1,481,544 
6 § *33 17,689 2,3S2>637 

tV,% or 5 m 160 25,600 4,096,000 

4 200 40,000 8,000,000 

3 266 70,756 18,821,096 , 1 

to, or 2 400 160,000 64,000,000 i r 

1 1 1 "■ T".. 

i- Boo 640,000 5I2,OOOsOOO 
1 ’ 

J 

J The greateft Magnifier in Mr. Leeuwenhoek’s Cabinet of Microfcopes, prefented to the Royal Society, 
has its Focus, as nearly as can well be meafured, at one Twentieth of an Inch Diftance from its Center, and 
confequently magnifies the Diameiet of an Object 160 Times, and the Superficies 25,600. But the greateft 
Magnifier in Mr. Wilson’s Single Microfcopes, as they are now made, has ufually its Focus at no farther 
Ditiance than about the Fiftieth Part of an Inch ; whereby it has the Power of enlarging the Diameter of 
an Objeft 400, and its Superficies 160,000 Times. 
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be pleafed to know certainly what the Pow¬ 
ers of their Glaffes are, and confequently 
what may be expected from them, it would 
be much better if the Microfcope-Makers 
would grind their Glaffes according to fome 
fettled Standard, and not work by Guefs, as 
they ufually do at prefent, whereby no two 
Sets of Magnifiers can be fuppofed exactly 
alike. Such a Standard, which would afford 
a very ufeful Set of Glaffes, magnifying one 
more than another in due Degrees, is, X 
think, as follows. 

The FOCAL DISTANCES of 
Six Magnifiers for Mr. Wilson’s 

Pocket Microfcope. 

g 
sT 

1. 

2. 

3* 

4? 

5* 

6, 

Dift. of 
Ythe Fo-^ 
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1 
V. z* or 50 

Magnifies the 
Diam. 
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100 

5° 

—26 

-16. 

t ^ 
> a 
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h 

Magnifies the 
Superficies 

i6o,ooo"| 

-25,600 | 

10,000 f 

1 2,500 j F4 

— 676 

— 256^ 
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The FOCAL DISTANCES of 
Four Magnifiers for the Microfcope 

for Opake Objects. 

o ►—* P 5^ 

1. 

2. 

ICO Pts. of 
an Inch. 

Dift. of 
the Fo- 

8 

to. or 30 
y u,c x 

„ ; cas at * ^ , 
3a i f T'S'J 0r 60 

i Inch 4* J 

Magnifies 
the Diam. 

— ioo-') 

-26 i g 

-J3 H 

Magnifies the 
Superficies. 

-* io, 100^ 

I 
■■■»■'—- 676 

—— j69 

-- 64 

i w 
> a 

The magnifying Power of the Solar Mi¬ 
crofcope mu ft be calculated in fomewhat a 
different Manner. For here the Difference 
between the Focus of the Magnifier, and 
the Diftance of the Screen or Sheet where¬ 
on the Image of an Objebb is caft, is the Pro¬ 
portion ot its being magnified. Suppofe, for 
Inftance, the Lens made ufe of has its Focus 
at half an Inch, and the Screen be placed 
at the Diftance of five Feet; the Objedt 
will then appear enlarged in the Proportion 
of five Feet to half an Inch : and as in five 
Feet there are one hundred and twenty half 
Inches, the Diameter will be magnified one 
hundred and twenty Times; which, multi¬ 
plied by one hundred and twenty, fhews the 
Superficies to be magnified fourteen thou- 
fand and four hundred Times : and by put¬ 

ting 
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ting the Screen at further Diftances, you 
may magnify your ObjeCt to almoft what 
Size you pleafe. But I would advife all 
who ule this Sort of Mierofcope, to regard 
Diftinttnefs more than Bignefs, and place 
the Screen juft at that Diftance where the 
Object is feen moil fharp and clear. 

CHAP. IX. 

Of the Magnifying Power of Glajfes in the 
Double Mierofcope. 

I Should now ihew the Method of com¬ 
puting the magnifying Power of our 

Double Mierofcope, as I have done of the 
Single ones: but a Calculation of the Powers 
of three combined Glaftes would appear fo 
intricate and unintelligible to People unac¬ 
quainted with Optics (for whole Service 
chiefly I intend this Treatife) that I believe 
they will readily excufe my perplexing them 
with it: and as for the Learned in that Sci¬ 
ence, they probably will be better pleafed 
to calculate for themfelves. 

The Double reflecting Mierofcope, deferi- 
bed p. 16. is the only Inftrument at prefent 
made amongft us for this Purpofe, wherein 
fuch a Combination of Glaftes is employed. 
Here, indeed, the magnifying Power of the 

ObjeCD 
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ObjeCt-Lens is greatly increafed by the Ad** 
dition of two Bye-Glaffes; but as no ObjeCt- 
Lens can be ufed with them of fo minute a 
Diameter, or that magnifies of itfelf near fo 
much as the Lenfes we can ufe alone, upon 
the whole, the Glaffes of this Double Micro- 
fcope magnify little or nothing more than 
thofe of Mr. Wilson’s Single one. And 
the fame Table which fhews the Powers of 
the Glaffes belonging to that Microfcopes 
may ferve for thefe alfo. For the firft Glafs, 
fecond Glafs, &c. of either Microfcope,-mag¬ 
nify pretty much alike; and the chief Ad¬ 
vantage arifing from a Combination of Glaf¬ 
fes is, the Sight of a large Field or Portion 
of an ObjeCt, magnified in the fame Degree, 

G FI A P. X. 

To find out the real Size of Objects fieen 
by Microfcopes. 

Til O’ by the preceding Directions the 
magnifying Powers of Microfcope- 

Glaffes may eafily be underftood, it will ftill 
remain uncertain (if the ObjeCts we examine 
are exceedingly minute) what the real Big- 
nefs of them is. For though we may know 
they are magnified fo many thoufand Times, 
we can make by that Knowledge but a very 
imperfed Computation of their natural and 

true 
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true Size ; nor can we, indeed, come to any 
certain Conclufion as to that, but by the 
Mediation of fame larger Objedt, whole 
Dimenfions we really know. For as Bulk 
itrfelf is merely comparative, the only Way 
we can judge of the Bignefs of any thing is, 
by comparing it with fomething elfe, and 
finding out how many Times the lefier is 
contained in the larger Body. To do this 
in Microfcopical Objects, feveral ingenious 
Methods have been contrived; of which, 
fuch as are come to my Knowledge, and are 
plain and pra&icable, I jfhall lay before the 
Reader. 

Mr. Leeuwenhoek’s Way of comput¬ 

ing the Size of Salts in Fluids, of the Ani¬ 
malcules in Semine Mafculino, in Pepper- 
Water, &c. was, by comparing them with 
the Bignefs of a Grain of Sand *; and his 
Calculations were made in the following 
Manner. 

* 

* N. B. It is proper to inform the Reader, that when¬ 
ever, in this Treatife, Microfcopical Objedts are compared 
with a Grain of Sand, which commonly was the Meafure 
Mr. Leeuwenhoek, made ufe of, we muft underftand it to 
mean a Grain of coarfe Sea-Sand (ufually called Scouring- 
Sand) which is equal in Bignefs to feveral Grains of our 
common Inland Houfe-Sand, or IVriiing-Sand. But to make 
our Calculation ftill more certain, we muft fuppofe them of 
fuch a Size, that an hundred of them placed in a Row fhali 
extend an Inch in Length. 

He 
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He viewed through his Microfcope a An¬ 
gle Grain of Sand *, which we will fuppofe 
tx be magnified as the round Figure ABCD. 
Then obferving the Animalcule fwimming, 
or running acrofs it, or coming near it, 
(which we will imagine to be of the Size i.) 
confidering and meafuring this by his Eye, 
he concludes, that the Diameter of this 
Animalcule is lefs by a twelfth Part than 
the Diameter of the Grain of Sand : confe- 
quently, according to the common Rules, 
the Superficies of the Grain of Sand is one 
hundred forty-four Times, and the wdiole 
Contents thereof one thoufand feven hun¬ 
dred and twenty-eight Times, larger than 
this Animalcule. 

Suppofe, again, that he fees among thefe 
another and fmaller Species of Animalcules ; 
one of which fz.] he likewife meaCures with 
his Eye, by the Help of a good Microfcope 
and computes its Diameter to be five Times, 
but, to be within Compafs, he reckons it 
only four Times lefs than the former Ani¬ 
malcule i. According then to the forego¬ 
ing Rules, the Diameter of this will be fix- 
teen, and the whole Bulk fixty-four Times 
lefs than the Animalcule i. 

If farther, upon a nicer View, he difeo- 
vers a third Sort of Animalcule [3. j fo ex- 

* Vide Leeuwen. Experim. 

Pag* S3* 
& Contempl. Tom. IV. 

eeedingly 
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ceedingly minute that, examining it in the 
former Manner, he concludes that the Dia¬ 
meter thereof is ten Times fmaller than the 
fecond Sort : it will then follow, that a 
thoufand of thefe are but equal in Bignefs 
to one of that fecond Sort. 

The fir ft Sort multiplied by the fecond, 
and the fecond by the third, will plainly de- 
monftrate how many of this third and mi¬ 
nuted Sort are requifite to make up the 
Bulk of a lingle Grain of Sand : the Procefs 
of which is as follows. 

Firft Sort, 1. whofe Diameter is lefs 
than that of a Grain of Sand 

12 Times. 
12 

144 

Of the firft Sort, 1,728 in a Grain of Sand. 

Second Sort, 2. whole Diameter is lefs than 
that of the firft Sort 

4 Times. 

4 

16 

4 

4 64 in one of the firft Sort. 
Third 
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Third Sort, 3. whofe Diameter is lefs that! 
that of the fecond Sort 
10 Times. 
10 

100 
10 

1000 in one of the fecond Sort. 

1728 of the firit Sort in aGr. ofSand* 
64 of the 2d Sort in 1 of the hrfh 

1 1 if .A 

6912 

IO368 

IIO>592 . 
100O of the 3d Sort in 1 of the 2d* 

110,592,000 of the 3d Sort in a Gr. of Sand* 

After this Manner the comparative Size 
of all Sorts of Objects may very eaiily be 
computed, only fubftituting (for fuch as are 
lefs minute) a fmall Seed, or fome other 
Body whofe Size we are well acquainted 
with, in the room of a Grain of Sand. 
And, particularly, by the Solar Microfcope, 
our Calculations may be made with great 
Certainty j fmce the Image of the Ohjedt 

5 enquired 
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enquired after, and of the Grain of Sand, 
the fmall Seed, or whatever elfe is thought 
proper to compare with it, may be really 
meafured by a Ruler, or a Pair of Compaffes, 
and the Difference of their Diameters moil 
exactly found. 

The Method Mr. Hooke made ufe of, to 
know how much an Object appears mag¬ 
nified, I fhall give in his own Words.—- 
“ Having (fays he) rectified the Microfcope, 
ce to fee the defired Object through it very 
ce diftindly; at the fame time that I look 
se upon the Objed through the Glafs with 
<e one Eye, X look upon other Objeds at 
te the fame Diflance with my other bare 
e{ Eye : by which means X am able, by the 
“ Help of a Ruler, divided into Inches and 
“ fmall Parts, and laid on the Pedeflal of 
fe the Microfcope, to caft, as it were, the 
“ magnified Appearance of the Objed upon 
ee the Ruler, and thereby exadly to mea- 
ss fure the Diameter it appears of through 
et the Glafs $ which being compared with 

the Diameter it appears of to the naked 
** Eye, will eafily afford the Quantity of its 
<c being magnified.5’—This, for Multitudes 
of Objeds, is a ready and good Way ; and 
I can declare, from my own Experience, that 
a little Pradice will render it exceeding eafy 
and pleafant. 

Another very curious Way for this Pur- 
pofe is deferibed by the ingenious Dr. Jurin, 

in 
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in the 45 th Page of his Phyfico-Mathematical 
Differ tat ions; the Manner whereof is thus : 
Wind a Piece of the fined: Silver Wire you 
can get a great many Times about a Pin, or 
feme other fuch (lender Body, fo clofelv as 
to leave no Interval between the Wire- 
Threads ; to be certain of which, they mud: 
be carefully examined with a Glafs. Then, 
with the Points of a fmall Pair of Compafies, 
meafure exactly what Length of Pin the 
Wire covers: and applying the Compafies 
with that Meafure to a diagonal Scale of 
Inches, you will find how much it is; after 
which, by counting the Number of Wire- 
Rounds contained in that Length, you will 
eafily difeover the real Thicknefs of the fin- 
gle Wire. This being known, cut it into 
very fmall Pieces, and when you examine an 
Gbjed:, if it be opake, drew fome of thefe 
Wires upon it ^ if tranfparent, under it; and 
with your Eye compare the Parts of the 
Object with the Thicknefs of fuch Bits of 
Wire as lie faired to your View. 

By this Method Dr. Jurin obferved, that 
four Globules of human Blood would gene¬ 
rally cover the Breadth of a Wire, which he 
had found to be TfT th Part of an Inch ; and 
confequently, that the Diameter of a fingle 
Globule was TVroth Part of an Inch. Which, 
was alfo confirmed by Mr. Leeuwen- 

hoe k’s Obfervations upon human Blood, 
made with a Piece of the fame Wire, fent 

to 
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to him by Dr. Jtjrin. Vide Philofophical 
P’ranfactions, Numb. 377. 

Mr. Martin, in his Optics*, gives ano¬ 
ther Way, fufficiently eafy and ready on, all 
Occafions. On a circular Piece of Glafs, 
let a Number of parallel Lines be drawn 
carefully, with the fine Point of a Diamond, 
at the Diftance of one fortieth Part of an 
Inch from each other. If this be placed in 
the Focus of the Eye-glafs of a Microfcope,' 
the Image of the Objedt will be feen upon 
thefe Lines, and the Parts thereof may be 
compared with the Intervals, whereby its 
true Magnitude, or Dimenfions, may be very 
nearly known : for the Intervals of thefe 
Lines, tho’ fcarce difcernible to the naked 
Eye, appear very large through the Micro¬ 
fcope. A Contrivance of this Kind may alfo 
be invented for fuch Microfcopes as a Glafs 
cannot be applied to in the above Manner, 
by placing it under or behind the Objedt, 
which will anfwer the fame Purpofe. 

Here it will be eafy to find what Pro¬ 
portion an Objedt, or any Part thereof, bears 
to an Interval between two Lines, and then, 
determine it in Parts of an Inch : for if the 
Width of an Objedt appears juft one Inter¬ 
val, we fhall know it to be juft one fortieth 
Part of an Inch; if half an Interval, the 
eightieth; if a Quarter of an Interval, the 
one hundred and fixtieth ; if one fifth, only 
the two hundredth Part of an Inch. 

Vol. I. E Dr, 
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Dr. Smith has an Invention akin to this* 
for taking exad Draughts of Objects* view¬ 
ed in Double Microfcopes ; for he advifes 
to get a Lattice made with fmall Silver 
Wires, or fmall Squares drawn upon a plain 
Glafs by the Strokes of a Diamond, and to 
put it into the Place of the Image formed 
by the Objed-Glafs. Then, by transferring 
the Parts of the Objed feen in the Squares 
of the Glafs or Lattice upon iimilar corre- 
fponding Squares drawn on Paper, the Pic¬ 
ture thereof may be exactly taken. 

There are fome other Sorts of Microme¬ 
ters, or Inventions for mealuring the final! 
Objects feen in Microfcopes; but as they are 
more complex and difficult, I ffiall not fwell 
this Volume with them. 

CHAP. XL 

Of the Area or Portion of an Objed feen. 

HE vifible Area, Field of View, or 
Portion of any Object feen through a 

Microfcope, is in Proportion to the Diameter 
and Area of the Lens made efe of, and it^ 
Power of magnifying, and may be thereby 
determined : dnee, if the Lens is extremely 
fmall, it magnifies a great deal, and, con- 
fequently, a very minute Portion only of an 

Gbjed 
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Object can be difMnguifhed through it. For 
which Reafon the greatsfi; Magnifiers never 
Should be employed but for the moil minute 
Objects.——This Consideration will direct 
how to fuit the Magnifiers to the Size of 
the Objedls to be examined, which is of the 
utmofl Confequence in Microfcopical Ob- 
fervations ; and may ferve to rectify the 
Miftake of Abundance of People unexperi¬ 
enced in Glaffes, who, upon, feeing a Mite 
or a Loufe greatly magnified, are apt to cry 
out with much Surprize, O that we had a 
Cricket, a Frog, or fome other Creature; 
how finely that would appear ! Whereas, in 
truth, Such large Objects would entirely cover 
the Lens, and could not be feen at all. 

Microfcopes very happily affifl us when 
Objects are fo fmall as to evade our Sight $ 
but it would be trifling and unneceffary to 
employ them on fuch large Things as we can 
fee without their Help, 

I fhall not trouble the Unfkilful with 
perplexing Calculations about the Area or 
Field of Objedts feen by each Magnifier ; 
but give this Short Rule in general, that it 
differs not greatly from the Size of the Lens 
made ufe of, and that the Whole of any Ob¬ 
ject, much beyond that Size, cannot conve¬ 
niently be viewed through it. 

There is fome Difference, as to the vifible 
Area of an Objedt, between Single and Double 
Microfcopes; for the Double Shew a larger 

E a Portion, 
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Portion of it than the Single, though mag¬ 
nified as much. 

% j 

Having fhewn the Structure and Powers 
of Microfcopes, I proceed now to defcribe 
the Manner of chufing, preparing, and ap¬ 
plying Objects to them. 

CHAP. XII. 

O/Gbjects in General. 

PRoper Objedts to be examined by Mi¬ 
crofcopes are (as Mr. Hooke very ju- 

dicioufly diftinguifhes) “ exceeding fmall Bo~ 
se dies, exceeding fmall Pores, or exceeding 

fmall Motions.” 
Exceeding fmall Bodies muff either be 

the Parts of larger Bodies, or Things the 
Whole whereof is exceedingly minute % 
fuch as fmall Seeds, Xnfedts, Sands, Salts, 
&c. 

Exceeding fmall Pores are the Interflices 
between the folid Parts of Bodies, as in Stones, 
Minerals, Shells, &c. or the Mouths of mi¬ 
nute Veffels in Vegetables, the Pores in the 
Skin, Bones, &c.. of Animals. 

Exceeding fmall Motions are the Move¬ 
ments of the feveral Parts or Members of 
minute Animals, or the Motion of the Fluids 

contained 
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contained either in animal or vegetable Bo¬ 
dies. 

Under one or other of thefe three Heads 
almoif every thing around us affords Matter 
of Examination, and may conduce both to 
our Amufement and Inftru&ion ; as I hope 
more particularly to fhew. 

Many, even of thofe who have purchafed 
Microfcopes, are fo little acquainted with 
their general and extent!ve Ufefulnefs, and 
fo much at a Lofs for Objects to examine by 
them; that, after diverting themfelves and 
their Friends, fome few Times, with what 
they find in the Sliders bought with them, 
or two or three more common Things, the 
Microfcopes are laid atide as of little farther 
Value ; and a Suppofition that this muft be 
the Cafe, prevents many others from buying 
them : whereas, among all the Inventions 

.that ever appeared in the World, none can 
perhaps be found fo conflantly capable of 
entertaining, improving, and fatisfying the 
Mind of Man.—To evince this, and excite 
thofe whofe Time and Circumftances permit, 
to this delightful Study, is the Intention of 
my writing; and as Curiofity, the univerfal 
Paffion of Mankind, may this Way continu¬ 
ally be gratified, .1 hope I {hall not write in 
vain. And it I can hereby induce any to 
pafs thofe leifure Hours agreeably and ufe- 
fully in contemplating the Wonders of the 

E 3 Creation # 
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Creation, which otherwife would be fpent 
in tirelome Idlenefs, or, perhaps, fome fa- 
fhionable and expenfive Vice, I fhall think 
thefe Sheets very happily bellowed. 

CHAP. XIII. 
i 

Of Examinmg Objects. 
z * AN Examination of Objects, in order to 

difcover Truth, requires a great deal 
of Attention, Care, and Patience, together 
with fome confiderable Skill and Dexterity 
(to be acquired by Practice chiefly) in the 
preparing, managing, and applying them to 
the Microfcope, What little Knowledge 
in thefe Matters I may have gained, either 
from the Accounts of others, or my own 
Experience, after being converfant many 
Years therein, I fhall readily communicate: 
in hopes my Pains may clear the Way to 
Difcoveries that will prove of Confequence 
to the World, and render this Study both 
defirable and eafy. 

When any Objedt comes to be examined, 
the Size, the Contexture, and Nature of it 
fhould be duly confidered; in order to apply 
it to fuch Glaffes, and in fuch a Manner, as 
may fhew it bell. The firfl Step towards 
this conflantly fhould he? to view it through 

• a Mag^ 

i 
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& Magnifier that can take in the Whole at 
for by obferving how the Parts lie as once 

to one another, we fhall find it much eafier 
to examine and judge of them feparately, it 
there be Occafion.--After having made 
ourfelves acquainted with the Form of the 
Whole, we may divide it as we pleafe, and 
the fmaller the Parts into which it is divided, 
the greater muff be the Magnifiers where¬ 
with to view them. 

The Tranfparency or Opakenefs of an 
Objed muff alfo be well regarded, and the 
Glaffes made ufe of mud be accordingly 
fuited thereto ; for a tranfparent Objed: will 
bear a much greater Magnifier than one that 
is opake; fince the Nearnefs a Glafs that 
magnifies much mufl be placed at, una¬ 
voidably darkens an opake Objed, and pre¬ 
vents its being feen, unlefs by the Micro- 
fcope on purpofe for fuch Subjects, defcribed 
page 27. Mod Objeds, however, become 
tranfparent by being divided into extremely 
thin or minute Parts. Contrivance there¬ 
fore is neceffary, to reduce them into fuch 
Thinnefs or Smallnefs as may render them 
moll fit for Examination. 

The Nature of the Objed, whether it be 
alive or dead, a Solid or a Fluid, an Ani¬ 
mal, a Vegetable, or a Mineral Subfiance, 
mud likewife be confidered, and all the 
Circumdances of it attended to, that we may 
apply it in the mod convenient Manner. If 

E 4 it 
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it be a living Animal, Care mull; be taken to 
fqueeze, hurt, or difcompofe it as little as 
poffible, that its right Form, Poflure, and 
Temper may be difcovered. If a Fluid, and 
too thick, it mud be thinned with Water: 
if too thin, we fhould let fome of its watery 
Parts evaporate. Some Subftances are fitted 
for Obfervation when dry, others again when 
moidened ; fome when frefh, and fome after 
being kept a while. 

Light is the next thing to be taken care 
of, for on this the Truth of all our Examina¬ 
tion depends ; and a very little Experience 
will.. drew how different Objects appear in 
one Petition and Kind of it, to what they 
do in another. So that weihould turn them 
every Way, and view them in every Degree 
of Light, from Brightnefs even to Obfcurity, 
and in all Pofitions to each Degree; till we 
are certain of their true Form, and that we 
are not deceived. For, as Mr. Hooke 
fays, in many Objects it is very difficult to 
didinguifh between a Prominency and a 
Depreffion $ between a Shadow and a black 
Stain j and in Colour, between a Reflection 
and a Whitenefs. The Eye of a Fly, for 
Example, in one Kind of Light, appears like 
a Lattice drilled through with Abundance 
of Holes ; in the Sun-fhine, like a Surface 
covered with golden Nails : in one Pofition, 
like a Surface covered with Pyramids; in 

another* 
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another, with Cones ; and in other Pofitions, 
of quite other Shapes. 

The Degree of Light muff be duly Ant¬ 
ed to the Object; which, if dark, will be 
feen belt in a full and ftrong Light; but if 
very tranfparent, the Light fhould be pro- 
portionably weak : for which Reafon there 
is a Contrivance, both in the Single and 
Double Microfcope, to cut off Abundance of 
its Rays, when fuch tranfparent Objedls'are 
examined by the greated Magnifiers. 

The Light of a Candle, for many Objects, 
and efpeciallyfuch as are exceedinglyminute 
and tranfparent, is preferable to Day-light: 
and for others Day-light is bed; I mean the 
Light of a bright Cloud. As for Sun-fhine, 
it is reflected from Objedts with fo much 
Glare, and exhibits fuch gaudy Colours, 
that nothing can be determined by it with 
Certainty; and therefore it is to be accounted 
the word Light that can be had. 

This Opinion of Sun-fhine mud not 
however be extended to the Solar Micro¬ 
fcope, which cannot be ufed to Advantage 
without its brighted Light ; for in that 
Way we fee not the Objedt itfelf whereon 
the Sun-fhine is cad, but only the Image or 
Shadow of it exhibited upon a Screen; and, 
therefore, no Confufion can arife by the 
glaring Reflection of the Sun’s Rays from 
the Object to the Eye, which is the Cafe in 
other Microfcopes. But then, in that Solar 

Way, 
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Way, we muft reft con fen ted with viewing 
the true Form apd Shape of an Objed, with¬ 
out expedirig to find its natural Colour, 
iince no Shadow can poffibly wear the Co¬ 
lours of the Body it reprefents. 

CHAP. XIV. 

Of prep dr mg and applying Objects. 

MOST Objeds require fome Manage¬ 
ment, in order to bring them proper¬ 

ly before the Glafles.—If they are flat and 
tranfparent, and fuch as will not be injured 
by Prefliire, the beft Method is to inclofe 
them in Sliders, between two Mufcovy Talcs 
or Ifmglafs. This Way the Feathers of 
Butterflies, the Scales of Fifhes, the Farinas 
of Flowers, &c. the feveral Parts, and even 
whole Bodies of minute Infeds, and a 
thoufand other Things, may very conve¬ 
niently be preferred. Every curious Obferver 
will therefore have them always ready to 
receive any accidental Objed, and fecure it 
for future .Examination : and a Dozen or 
two of thefe Sliders, judicioufly furjiifhed, 
are a fine natural Hiftory, where we may 
read delightful Leffons of the high Perfec¬ 
tion of God’s Works, and his Wifdom in 
their Contrivance. 

In making a Colledion of Objeds, the 
f]Iders Ihould not be filled promifcuoufly, 

but 
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but Care taken to fort the Objedts according 
to their Size and Tranfparency; in fuch 
Manner that none he put together in the 
fame Slider, but what may properly be ex¬ 
amined by the fame Magnifier : and then 
the Slider fhould be marked with the Num¬ 
ber of the Magnifier its Objedts are fitted 
for; that is, the mod; transparent, or mi¬ 
nuted: Objedts of all, which require the fird 
Magnifier to view them by, fhould be pla¬ 
ced in a Slider, or Sliders, marked with Num¬ 
ber I.; thofe of the next Degree in Sliders 
marked with Number II. and fo of the red. 
This Method will fave Abundance of Time 
and Trouble in fhifting the Magnifiers, 
which, without fuch Sortment, mud perhaps 
be done two or three Times in overlooking 
a fingle Slider The Numbers, marked 
upon the Sliders will likewife prevent our be¬ 
ing at any Lofs what Glafs to apply to each. 

Small living Objedts, fuch as Lice, Fleas, 
Gnats, fmall Bugs, minute Spiders, Mites, 
&V. may be placed within thefe Talcs 
without killing or hurting them, if Care be 
taken not to prefs down the Brafs Rings 
that keep in the Talcs : and will remain 

* In placing your Objedts in Sliders, a convex Glafs of 
about an Inch Focus, to hold in the Hand, and thereby 
adjult them properly between the Talcs, before you fallen 
them down with the Brafs Rings, will be found very con<= 
yemento 

alive 
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live even Weeks in this Manner. But if 
they are larger than to be treated thus, either 
put them in a Slider with concave Glades, 
intended for that Ufe, and defcribed page 
10. or in the Cell, page 19. or elfe examine 
them ftuck on the Pin, or held between the 
Plyers; either of which Ways they maybe 
viewed at Pleafure. 

If Fluids come under Examination, to 
difcover the Animalcules that may be in 
them, take up a fmall Drop with your Pen, 
or Hair-pencil, and place it on a Angle Ifin- 
glafs (which /you fhould have in a Slider 
ready) or elfe in one of the little concave 
Glaffes, and fo apply it. But in cafe, upon 
viewing it, you find, as often happens, the 
Animalcules fwarming together, and fo ex¬ 
ceedingly numerous, that, running continu¬ 
ally over one another, their Kinds and real 
Form cannot be known fome Part of the 
Drop mu ft be taken off the Glafs, and then 
a little fair Water put to the reft will make 
them feparate, and fliew them diftind: and 
well. And this Mixture of Water is parti¬ 
cularly requifite in viewing the Semen Maf- 
culinum of all Creatures: for the Animal¬ 
cules therein contained are unconceivably 
minute, and yet crowded together in fuch 
infinite Numbers, that unlefs it be diluted a 
great deal, they cannot be fufficiently fepa- 
rated to diftinguifh their true Shape. 

But* 



Of preparing and applying Objects. 59 

But, if we view a Fluid to find what ■„ 
Salts it may have in it, a Method quite con¬ 
trary -to the foregoing muft be employed : 
for then the Fluid muft be buffered to eva¬ 
porate, that the Salts, being left behind upon 
the Glafs, may more eafily be examined. 

Another, and indeed the mod: curious 
Way of examining Fluids, is, by applying 
them to the Microfcope in exceedingly fmall 
capillary Tubes, made of the thinnefl Glafs 
pofiible. This was Mr. Leeuwenhoek’s 

Method for difcovering the Shapes of Salts 
floating in Vinegar, Wine, and feveral other 
Liquors ; and fuch Tubes ihould be always 
ready to ufe as Occafion requires. 

For the Circulation of the Blood, Frogs, 
Newts, or Fifhes, are commonly made ufe 
of: and there are Glafs Tubes in the Single 
Microfcope, and a Fifli-pan, as well as Tubes, 
in the Double one, on purpofe to confine 
thefe Creatures, and bring the proper Parts 
of them to View : which, in Newts and 
Fifhes, are the Tails, and in Frogs the fine 
filmy Membrane between the Toes of the 
hinder Legs. Though, if we can contrive 
to fallen down the Creature, and bring our 
Objedfc to the Magnifier, the Circulation can¬ 
not pofiibly be feen fo plainly any where as 
in the Mefentery, or thin tranfparent Mem¬ 
brane that joins the Guts together ; and this 
Part, by pulling out the Gut a little, may 
•eafily be adj lifted to the Magnifier. 

To 



\ 

6 o Of preparing and applying Objects* 

To difTedt minute Infects, as Fleas, Lice, 
Gnats, Mites, &c. and view their internal 
Structure, requires a great deal of Patience 
and Dexterity : yet even this may be done 
in a very fatisfactory Manner, by means of 
a fine Lancet and Needle, if they are placed 
in a Drop of Water : for their Parts will 
then be feparated with Eafe, and lie fair be¬ 
fore theMicrofcope, fo that the Stomach and 
other Bov/els may plainly be diflinguifhed 
and examined. 

We fhould always have ready for this 
Purpofe little Slips of Glafs, about the Big- 
nefs of a Slider, to place Objedts on oc~ 
cafionally ; fome of which Slips fhould be 
made of green* blue, and other different co¬ 
loured Glafs * many Objedls being much 
more diflinguifhable when placed on one 
Colour than on another. We fhould like- 
wife be provided with Glafs-Tubes of all 
Sizes, from the fineffc Capillaries that can be 
blown, to a Bore of half an Inch Diameter. 

I believe there is no better Way of pre¬ 
fer ving tranfparent Objedts in general, than 
by placing them between clear Ifmglafs in 
Sliders : but opake Bodies, fue-h as Seeds, 
Sands, Woods, &c, require different Ma¬ 
nagement and a Collection of them fhould 
be prepared in the following Manner. 

Cut Cards into fmall Slips, about half an 
Inch in Length, and the tenth of an Inch 
broad-: wet them half their Length with a 

flrong 
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ftrong but very tranfparent Gum-water, and 
with that dick on your Object. As the Spots 
of Cards are red and black, by making your 
Slips of fuch Spots, you will obtain a Contrail 
to Objects of almoit any Colour; and by 
fixing black Things on the white, white on 
the black, blue or green on the red or white, 
and all other coloured Objects on Slips moil 
contrary to themfelves, they will be ihewn 
to the bell Advantage. Thefe Slips, are in¬ 
tended chiefly for the new-invented Micro- 
fcope for opake Objeds, to be applied be¬ 
tween the Nippers: but they will alfo be pro¬ 
per for any other Microfcope that can ihew 
opake Bodies. A little fquare Box ihould be 
contrived to keep thefe Slips in, with a Num¬ 
ber of very ill allow Holes j nil big enough 
to hold them. If fuch Holes were cut 
through Pieces of that Paiteboard Covers of 
Books are made of, exadtly fitted to the Box, 
and a Paper was pailed on one Side of each 
to ferve for a Bottom to it, three or four 
fuch Pafteboards, ilored with Gbjeds, might 
lie one upon another in the fame Box, and 
contain an hundred or more Slips, with Ob¬ 
jects faflened on them, always ready for Ex¬ 
amination. It will not be found amifs to 
provide fome Slips larger than others, for 
the Reception of different-fized Objeds : 
but the Pattern hereto annexed (Plate VI ) 
will better explain my Meaning. The Box 
ihould likewife be furnifhed with a Pair of 

Flyers, 
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Flyers, to take up and adjuft the Slips; and 
therefore a convenient Place is contrived 
therein to hold them, as the Plate before 
you thews 

CHAP. XV. 

Cautions in viewing Objects. 
*• * BEWARE of determining and declaring 

your Opinion fuddenly on any Objedt; 
for Imagination often gets the Start of Judg¬ 
ment, and makes People believe they fee 
Things, which better Obfervations will con¬ 
vince them could not poffibly be feen: there¬ 
fore affert nothing till after repeated Experi¬ 
ments and Examinations, in all Lights, and 
in all Pofitions. 

When you employ the Microfcope, {hake 
off all Prejudice, nor harbour any favourite 
Opinions; for, if you do, it is not unlikely 
Fancy will betray you into Error, and make 
you think you fee what you would wifh to fee. 

Remember, that Truth alone is the Mat¬ 
ter you are in Search after ; and if you have 
been miftaken, let no Vanity feduce you to 
perfiil in your Miftake. 

* Mr. Cuff, in Fleet-Jlreet, can fupply thofe who do no£ 
care to give themfelves the Trouble of making them, with 
Boxes after this Pattern, which are found by Experience to be 
extremely ufeful: He iikewife makes and fells all the Micro- 

/copes* with their Apparatus, mentioned in this Treatife. 
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Pafs no judgment upon Things over-ex¬ 
tended by Force, or contracted by Drynefs, 
or in any Manner out of their natural State, 
without making {hitable Allowances, 

There is no Advantage in examining any. 
ObjeCt with a greater Magnifier than what 
fhews the fame diftinCtly; and therefore, if 
you can fee it well with the third or fourth 
Glafs, never ufe the frit or fecondg for the 
lels a Glafs magnifies, the better Light you 
will have, the eaiier you can manage the 
ObjeCi, and the clearer it will appear. 

It is much to be doubted, whether the 
true Colours of ObjeCts are to be judged of, 
when feen through the greatdft Magnifiers : 
for as the Pores or Interfaces of an ObjeCf 
muft be enlarged according to the magnify-^ 
ing Power of the Glafs made ufe of, and the 
component Particles of Matter mud: by the 
fame Means appear feparated many thou- 
fands of times farther afunder than they do 
to the naked Eye, their Reflections of the 
Pvays of Light will probably be different, and 
.exhibit different Colours. And indeed the 
Variety of Colouring fome ObjeCts appear 
dreft in, may ferve as a Proof of this. 

The Motions of living Creatures them- 
felves, or of the Fluids contained within 
them, as feen through the Micrafcope, are 
like wife not to be determined without due 
Confederation : for as the moving body and 
the Space wherein it moves are magnified, 

VpL. I. P the 
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the Motion muff probably be fo too. And 
therefore that Rapidity, wherewith the Blood 
leems to pafs along through the Veffels of 
ftnall Animals, muff be judged of accord¬ 
ingly. Suppofe, for Inftance, a Horfe and a 
Moufe move their Limbs exactly at the fame 
Moment of Time ; if the Horfe runs a Mile 
while the Moufe runs fifty Yards (though 
the Number of Steps are in both the fame) 
we final] readily, I believe, allow the Horfe’s 
Motion to be fwiftefi. The Motion of a 
Mite viewed though a Microfcope, or feen 
by the naked Eye, is, perhaps, not much 
lefs different. 

Some People have made falfe Pretences, 
and ridiculous Boafls, of feeing, by their 
Glaffes, the Atoms of Epicurus, the fubtile 
Matter of Des Cartes, the Effluvia * of 
Bodies, the Emanations from the Stars, and 
other fuch like Xmpoflibilities: But let no 
ingenious and honeft Oblerver give Credit to 
thefe romantic Stories, or mif-fpend his Time 
and bewilder his Brains in following fuch 
idle Imaginations, when there lies before 
him an Infinity of real Objects, that may be 
examined with Eafe, Profit, and Delight. 

* Dr. Highmore pretends that the Effluvia of the Load- 
{lone have been feen by Glaffes, iffuing from it in the Form 
of a Mill: and ail the reft of the above Extravagances have 
been boafted of by others. Fid. Leeuvven. Art. Nat. Tom. ii. 
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OR, AN - 

ACCOUNT' 

Of what furprifing 
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Have been already Made by the 
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WITH 

Ufeful REFLECTIONS on them. 

together with 

A great Variety of new Experiments and 
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THE 

MICROSCOPE 
MADE BAS Yi &c. 

PART II. 

r^U^AVING defcribed the moft ufe- 
.§? TT % ful Kinds of Mi crosgopes made 
|| amongft us; ihewn how to cal- 
hJkhtfzffijd culate the magnifying Powers of 

Glasses, and the real Size of 
Obj ects } taught the Ways of preparing, 
examining, and preferving Objects ; and 
given proper Cautions in our judging of what 
we view : I come now to the Second Part 
of my Defign, which is, to fhew what fur-* 

prifing Difcoveries have been already made 
by the Microscope, with ufeful Reflections 
on them * and alfo to fet forth a great Va~ 
riety of new Experiments and Obfervations, 
pointing out many uncommon Subjects for the 
Examination of the Curious* 

F 3 CHAP, 
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CHAP. I 

Of the Animalcules in Fluids*■ 

H E fmalleft living Creatures yet 
A known are the Animalcules in Fluids.; 

whereof many Kinds have been difcovered 
by the Microfcope of fuch an exceeding Mi- 
nutenefs, that a Million of them wrould not 
equal the Bignefs of a large Grain of Sand ; 

, and it is probable, there may be numberlefs 
Species of a Size much lefs than thefe. It is 
alfo likely, that there are as many, or even 
more Kinds of thefe Invijibles (if I may ufe 
the Term) than of thofe whofe Size is dis¬ 
cernible by the naked Eye. Here, therefore, 
is Abundance of Scope for Enquiry and Ad¬ 
miration, lince every Drop of Water, or 
other Liquor (excepting Oils and Spirits) 
either does already, or, upon Banding ex- 
pofed a few Days, will appear full of living 
Creatures, of various Sizes and Forms. Some 
Kinds of thefe Animalcules feem to be really 
Fifh, and are natural Inhabitants of the Wa- 
ter all their Lives : others live there but oc- 
cafionally, in the Manner of Gnats, which, 
from Eggs dropped by their Parents in the 
Water, become fwimming x^nimals; but 
after a while fhed their fkins, appear in a 
Form that bears no Refemblance to what 

they 
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they were before, take Wing, and turn Crea¬ 
tures of the Air. 

We may thus account how Water where¬ 
in Pepper, Hay, Oats, Wheat, or other vege¬ 
table Subjlances are infufed, will foon become 
full of Life : for thole minute and invijible 
little ^lies, which are every where hovering 
in the Air* and feeking Places to depofit 
their Eggs, when a Fluid offers well ilored 
with proper Nourifhment for their future 
Offspring, may be fuppofed to refort to it in 
Swarms, and lay their Eggs there. Thefe 
Eggs being foon hatched, the Infant-Brood 
fwim about, and live happily in the Fluid ; 
till, grown to their ffated Size, they, in due 
Time, change their Forms, employ their 
Wings, and fly away. 

The Truth of this I have often experienc¬ 
ed ; for, after obferving fome Kinds of Ani¬ 
malcules in feveral Fluids to be grown to a 
certain Signers, on a fudden I have found 
them all gone away, and only a much fmal- 
ler, and confequently a younger R ace, of the 
fame Kinds remaining; which alfo, when 
grown to a like Size, have foon after in the 
fame Manner been gone too. Befides, if 
the Infufion be covered, though with a Muf¬ 
fin or fme Lawn, I have conftantly found 
that few Animalcules will be produced there¬ 
in ; but upon taking off the Cover, in a few 
Days it will be full of Life : which feems to 
prove, that the Eggs whence thefe Animal- 

F 4 cules 
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cules come, mu ft either be depofited by their 
own Parents, as I above fuppofe, or be 
brought along with the Air. And, indeed, 
both thefe Ways may poffibly be : for as the 
Eggs of fuch minute Creatures are lighter 
than Air, Millions of them may continual¬ 
ly float therein, and, being wafted every 
where indifferently, may perifh in Places 
unfuitable to their Nature, but hatch and 
thrive when they happen to be lodged in a 
proper Nidus for them. Some People ima¬ 
gine, that the Eggs of thefe little Creatures 
are lodged in the Pepper, Hay, or whatever 
elfe is put into the Water: but, were it fo, 
I cannot think a thin Covering of Lawn, 
which does not exclude the finer Part of the 
Air, would prevent their being hatched^ and 
therefore mu fl conclude it a Miftake. 

Though Water that hands at Reft, and 
expofed in the open Air, will, after a few 
Days, have fome Animalcules in it, they will 

•be found in no Degree fo numerous as when 
vegetable Bodies have been fteeped therein i 
for no Creatures feem able to fubfift on mere 
Water only j and what little Particles beiides 
may accidentally happen in it, can maintain, 

-ho great Number : byt when, by tnfuiion 
- of the above-mentioned Sub dances, Water 

-is Pored with their proper Food, the Micro- 
fcope can fhew Myriads of living Creatures 
in every little Drop, 

6 As 
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As every curious Perfon will be defirous 
to view thefe Wonders with his own Eyes, 

-and communicate them to his Friends, the 
following Directions for making Pepper- 
Water, &c. to be kept always ready for 
Obfervation, may not perhaps be unaccept-r 

able. 

CHAP. II. 

ST0 make Pepper -W a ter, of the 
Animalcules found therein. 

PUT common Black Pepper, grofsly 
bruifed, into an open Veifel, to cover 

the Bottom of it about half an Inch in 
Thicknefs, and pour thereon Rain or River- 
Water, till it rifes above the Pepper an Inch 
or thereabouts. Shake or flir the Water and 
Pepper very well together when Aril you 
mix them, but afterwards not at all. Ex- 
pofe your Veflel to the Air uncovered, and 
in a few Days you will perceive a little Pel¬ 
licle, or Skin, upon the Surface of the Wa¬ 
ter, reflecting Prifm Colours. This Skin, 
examined by the Microfcope, will be found 
to contain Millions of Animalcules y fcarcedif- 
cernible at firfl, even by the greateft Mag¬ 
nifier, but continually growing bigger till 
they come to their full Size. Their Num¬ 
bers too will every Day inereafe exceedingly, 

till 
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till at length almofl: the whole Fluid feems 
alive : though in reality they lie chiefly on 
the Surface of the Water, and go not deep 
therein, unlefs frighted or difturbed; but 
when that happens, they will fometimes 
dart down all at once, and not appear again 
for fome time. In warm Weather this Skin 
rifes on the Surface fooner, and you will 
perceive them grow fader, than in cold : 
though even in the midd of Winter, if the 
Water be not frozen, the Experiment will 
lucceed. 

About the Quantity of a Pin’s Head of 
this Scum, taken up with the Nib of a new 
Pen, or a fmall Hair-Pencil, and applied on 
a Angle Iflnglafs, fird to the third Magnifier, 
then to the fecond, and then to the firfl:, 
will fhew feveral Sorts of Animalcules lefler 
each than other, and differing a great deal 
in Shape as well as Size. 

The Sorts that have been obferved in 
Pepper-Water are, 

Firjl, The larged Sort of all (reprefented 
Plate VII. Fig. I.) •f* The Length of thefe is 
about the Diameter of a Hair, and three or 
four Times more than their Breadth. Their 
Bodies are very thin and tranfparent, but 
that Side which feems the Back is darker 
than the other. They turn themfelves in 

f Philofopb. 'Tranf. Numb. 284. 
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the Water often, and fhew both Back and 
Belly, as l 2. Their Edges are fringed, as 
it were, with a great Number of exceeding- 
ly minute Feet, which are chiefly feen about 
the two Extremities : at one End there are 
likewife fome BriRles longer than the Feet, 
refembling a Tail. Their Motion is fwift; 
and by their Turns, Returns, and fudden 
Stops, they feem continually to be hunting 
about for Prey. They can employ their 
Feet in running as well as fwimming ; for 
upon putting a Hair amongR them, they 
will often creep along it from End to End, 
bending in feverai odd PoRures. 

Secondly, A pretty common Sort, whofe 
Length is about one Third of a Hair’s 
Breadth, with Tails five or fix Times as long, 
and fometimes more. Fig. II. 1. exhibits 
one of them with the Tail extended. 2. re- 
prefents another with its Tail in a Screw¬ 
like Form, as they appear very frequently. 
Sometimes, when they die Rill, they thruR 
out and pull back again a fringed or beard¬ 
ed Tongue and a Current runs conRantly 
towards them, which is caufed, probably, 
by the nimble Motion of fome minute Fins 
or Legs too fine to be difcerned. 

'thirdly, A Sort about the Size of the laR, 
but without Tails, appearing fometimes in 
an oval Shape, as Fig. III. 1. and fometimes 
a little longer, refembling a Flounder, in the 
Manner of 2. Their little Feet may be feen 

9 plainly 4 A * 
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plainly when the Water is juft evaporatings 
for then they move them nimbly. Now 
and then two of them are feen conjoined* 

as. 3* 
Fourthly, Another Sort appear like flender 

Worms, about fifty Times as long as broad, 
and whofe Thicknefs is about the one hun¬ 
dredth Part of a Hair. Their Motion is 
equable and flow, waving their Bodies gene¬ 
rally but little in their Progreffion. They 
fwim with the fame Facility backwards or 
forwards, and being every where of the 
fame Thicknefs, it is difficult to diftinguifh 
which End the Head is placed at. See 
Fig. IV. 

A fifth Sort are fo amazingly fmall, that 
an hundred of them in a Row would not 
equal the Diameter of a Grain of Sand, and* 
cpnfequently, a Million of them are but 
equal to a Grain of Sand in Bignefs : their 
Shape is almoft round. 

A fixth Sort are about the Thicknefs of 
the foregoing, but almoft twice as long 2 
and, befides thefe, there are doubtlefs other 
Sorts which have not duly been attended 
to. 

It is agreeable enough, while thefe little 
Creatures are before the Microfcope, to ob-= 
ferve the different Effects feveral Kinds of 
Mixtures produce among them. For Ex¬ 
ample, putting to them the fmalleft Drop 
imaginable of Spirit of Vitriol upon the Point 
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of a Pin, they immediately fpread them- 
felves, and appear to tumble down dead, 
Diflolved Salt kills them, but with this Dif¬ 
ference, that inftead of becoming flat, as in 
the former Cafe, they fhrink into oval 
Forms. Tin&ure of Salt of Tartar throws 
them into convulflve Motions, after which 
they foon grow faint and languid, and then 
die without any Change of Shape. Ink 
kills them as foon as Spirit of Vitriol, but 
feems to con trad: them feveral Ways. Frelh 
Blood, Urine, and Spittle, kill them in a 
little while. Sugar diflblved does the fame % 
but thereby feme die flat* and others 
round 

If the Water be permitted to dry away 
without any Mixture, fome Sorts of the 
Animalcules will burfl:, but others not: and 
if a frefh Drop of Water be put to them, iq 
a little while many of them will revive and 
fwim about again. 

# fhilofoph* Tranf, Numb. 203. 
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CHAP. III. 

Of Hay-Water, &c* 

IT AY, Straw, Grafs, Oats, Wheat, Barley, 
or any other vegetable Production, 

being infufed in Water, in the Manner ad- 
vifed before; after fome Days, a Sort of 
whitHh Scum, or Motherinefs, will appear 
upon the Surface, which, examined by a 
Microfcope, will be found to contain inex- 
p reliable Numbers of minute living Crea¬ 
tures, of various Sizes, Forms, and Kinds. 

And of thefe fome are the fame exadly 
as were juft now defcribed in Pepper-Water : 
for it is to be obferved, that certain Kinds 
of thefe Animalcules are met with, univer- 
fally, in all Waters that have flood any con- 
fiderable Time expofed to the open Air. 
The mod: general among them is an oval 
Sort of Animalcule > fome what in the Shape 
of an Emmet's Egg (See Fig. V. Plate VII.) 
They are extremely nimble, and in a conti¬ 
nual fwift Motion backwards and forwards: 
but fometimes they flop on a fudden, and 
turn round on their own Axis numberlefs 
Times with furp riling Velocity, firft one W ay 
and afterwards the contrary This Gyra- 

* The Solar Microfcope has difcovered, that this ftrange 
Motion is produced by the Action of a great Number of 
Ltgs or Fins, placed in a circular Order. 

tion, 
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tion, or Twirling round as it were on a Point* 
I have taken Notice of in other Kinds alfo of 
the Animalcules found in Fluids. 

Another pretty common Sort, and in 
Shape fomewhat refembling the foregoing, 
is (hewn (Fig. VI.) Their Motion is very 
fwift, and always with the fharp End fore- 
mod, whence one may reafonably fuppofe 
it to be the Head. Some of them are clear 
from End to End, but curioufly ribbed in 
the Manner of a Melon : others are trans¬ 
parent at their fmall Extremity only, but 
have their Bottle-end opake. No Legs or 
Fins can be difcerned in either. 

We find another Sort, as long almoft as 
the larged in Pepper-Water, which are very 
brifk and aCtive, and have a Power of con¬ 
tracting or extending themfelves as they 
fwim along. At the End that feems to be 
the Fore-part, feveral Feet are vifible ; but 
efpecially when the Water is almod evapo¬ 
rated : for then they Ihrink into a globular 
Form, and their Feet danding out may be 
perceived to move very nimbly. Fig. VII. 1. 
reprefents one of thefe Animalcules at its 
full Length: 2. fnews another of them when 
contracted. 

There is likewife a Species of Animalcules 
whofe Bodies are fpherical, but pointed 
fomewhat like a Pear, and refembling Blad¬ 
ders filled with Water, wherein a vad Num¬ 
ber of dark Particles feem in a continual 

Agitation, 
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Agitation. Their Motion is chiefly a re¬ 
volving one, turning round perhaps above 
an hundred Times in a Minute, firft one 
Way, and then the contrary ; and all this 
without moving a Hair’s Breadth out of 
their PI ace. But fometimes they move for-' 
ward very brifkly, turn, return, and fetch a 
large Compafs with feveral Deviations : 
keeping, however, throughout their whole 
Prcgreffion, their pointed End always fore- 
me-ft. See Fig. VIII. 

I once difcovered in the Scum on the Sur¬ 
face of Hay-Water a Kind of minute Ser¬ 
pents *3 for fo I call them from their Motion, 
which was like that of a Serpent, and from 
their coiling up tbemfelyes in the Manner 
Serpents do. I kept this Water fome Weeks, 
and fhewed them to feveral of my Friends $ 
but fince that Time have never met with 
them in any Infufion of the fame Sort, or in 
any other Fluid, Their Manner of moving 
forward, and alfo of coiling themfelves up, 
|s (hewn Fig. IX. T, 2. They were larger 
than any of the Eel-kinds of Animalcules, 
their Motion very different, and not near fo 
quick. The End that teemed to be the 
plead was thicker and fomewbat more opake 
fh-an the other. 

Animalcules in the Shape of Eels are fre¬ 
quently met with in many of the Infutions 
1 am now mentioning, and likewife in fe¬ 
veral other Liquors. The Bignefs of then> 

is 
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is very different, fome being an hundred 
Times larger than others, and probably they 
may differ alfo very much in Kind. They 
have in general a nimble wriggling Motion : 
but fome Sorts of them are more a&ive and 
Vigorous than others. 

Vinegar, after handing a few Days unco¬ 
vered, and efpecially in the Summer-Seafon, 
will frequently abound with a Kind of thefe 
Eels, large enough to be difcerned by othe 
naked Eye : which has encouraged fome 
People erroneoufly to affert, that the Sharp* 
nefs of Vinegar is owing to nothing elfe but 
the Striking of thefe Creatures upon the 
Tongue and Palate with their pointed Tails: 
whereas it is very certain, that many Times 
none of them can be difcerned even in the 
foureft Vinegar and befides, Mr. Leeu¬ 

wenhoek has demonftrated, that its Sharp- 
nefs proceeds only from the pointed and 
penetrating Figure of the Salts floating in 
it, as I fhall find Occafion to obferve more 
fully by and by. 

The Shape of thefe Eel-like Animalcules 
is delineated Fig. X. 

Dr. Power tells us *, That if Vinegar 
wherein Eels abound be but moderately 
heated at the Fire, they will all be killed, 
and fink down to the Bottom ; but that 
Cold does them no Injury. For after fuch 

* Power’s Micro/cop. Obfernj. pag. 35. 

Vol. I. G Vinegar 
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Vinegar had been expofed a whole Night to 
the fevered: Frofl, and was frozen, and thaw¬ 
ed, and frozen again, and fo feveral times 
over, they were as brifk as ever. He like- 
wife informs us, that in cold Weather he 
put fome Vinegar full of thefe Eels into a 
Glafs, and poured thereon about the fame 
Quantity of Oil, which floating on the Vine¬ 
gar, all the Eds would conftantly creep up 
into the Oil when the Vinegar began to 
freeze ; but upon thawing the Vinegar, they 
as condantly returned to it again. Thefe are 
pretty and curious Experiments. 

A Drop of Oil of Vitriol, mixed with the 
Vinegar, kills them in the fame Manner as 
Fire does. 

If fome Grains of Sand be put among 
the Eels before the Microfcope, it will be 
highly entertaining to fee them draggling 
and embarraffed, as it were, amongd large 

Stones. 

CHAP. 
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CHAP. IV. 

Of Eels in Paste, 

WHoever is defirous to be furniflied 
with minute Eels always ready for the 

Microfcope, needs only boil together a little 
Flour and Water, and make fuch Fade there¬ 
of as Bookbinders commonly ufe; or it may 
be bought of them. It thould neither be 
very did nor very watery, but of a mode¬ 
rate Confidence. Expofe it to the Air in an 
open Vefiel, and prevent its hardening or 
becoming mouldy on the Surface, by beat¬ 
ing it well together when you find any 
Tendency that Way; for if it grows hard or 
mouldy, your Expectation will be difap- 
pointed. After fome Days it will turn four $ 
and then, if examined attentively, you will 
difcern Multitudes of exceeding fmall, long, 
fiender, wriggling Animalcules, which grow 
larger daily, till you will be able to fee 
them with the naked Eye. 

To promote their coming forward, pour 
every now and then a Drop of Vinegar on 
your Pade : and after they are once pro¬ 
duced you may keep them all the Year, by 
putting to them fometimes a little Vinegar 
or Water, if the Fade becomes too dry, and 
fometimes a little Supply of other four 
Pade} taking Care continually to preferve 

G 2 the 
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the Surface in a right Condition, which will 
eafily be done when it is well {locked with 
thefe Animalcules; the continual Motion of 
them preventing any Mouldinefs thereon. 

A Water- Glafs, or fome other Glafs Vef- 
fel, is the mod convenient to keep your 
Pafle in; for, by holding it up againft the 
Light, you will oftentimes perceive the Eels 
wriggling themfelves above the Surface of 
the Fade upon the Sides of the Glafs, and 
may be able to take feveral of them with a 
Pen or Hair Pencil, much more difengaged 
from the Fade, and confequently fitter for 
View, than if you are obliged to examine 
the Pade itfelf in order to find them in it. 

Apply them to your Microfcope upon a 
fingle Talc or Ifinglafs, after having fird put 
on it a very fmall Spot of Water for them to 
fwim about in. The thicker your Pade is, 
and the more they are enveloped in it, the 
greater Proportion of Water will be requifite 
to dilute it, that they may difen tangle them¬ 
felves, and be rendered didindtly vifible. 

They are very entertaining Objects exa¬ 
mined by any K ind of Microfcope, but par¬ 
ticularly the Solar one, by which I have 
magnified them fometimes to an Inch and 
half, or two Inches in Diameter, with a 
Length proportionable, and have found them 
anfwer exactly the Appearance of fuch fized 
Eels. The internal Motion of their Bowels 
may very plainly be didinguifhed; and when 

* the 
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the Water is dried almofl away, and they 
are near expiring, their Mouths may be feen 
opening to a confiderable Width. 

CHAP. Y. 

Of Rain-Water and other Waters. 

MR. Leeuwenhoek fays, that at firft 
he could difcern no living Creatures 

in Rain-Water; but, after flanding fome 
Days, he difcovered innumerable Animalcules 
many tboufand of Times lefs than a Grain of: 
Sand, and in Proportion to a Mite as a Bee 
is to a Horfe. 

In other Rain-Water, which had likewife 
flood fome Time, he found the fmallefl Sort 
he had ever feen ; and in a few Days more; 
met with others eight Times as big as thefe, 
and almofl round. 

In another Quantity of Rain-Water, that 
had been expofed like the former, he difco¬ 
vered a Kind of Animalcules with two little 
Horns, in continual Motion. The Space be¬ 
tween the Horns was flat, tho’ the Body was 
roundifh, but tapering a little towards the 
End, where a Tail appeared four Times as 
long as the Body, and the Thicknefs of a 
Spider’s Web. He obferved feveral Hun¬ 
dreds of thefe within the Space a Grain of 
Sand would occupy. If they happened on 

G 3 the 
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the leaf! Filament or String, they were en¬ 
tangled in it, and then would extend their 

Bodies into an oblong Round, and ftruggle 
hard to difengage their Tails. He obferved 
a fecond Sort of an oval Figure, and ima¬ 
gined the Head to hand at the (harped: End. 
The Body was flat, with feveral fmall Feet 
moving exceeding quick, but not difcernible 
without a great deal of Attention. Some¬ 
times they changed their Shape into a perfect 
Round, efpecially when the Water began 
to dry away. He met alfo with a third Sort 
twice as long as broad, and eight Times 
fmaller than the ftrft: vet in thefe he dif- 
cerned little Feet, whereby they moved very 
nimbly. He perceived likewife a fourth Sort, 
a iboufand Times fmaller than a Loufe’s Eye, 
and which exceeded all the reft in Brifknels : 

he found tHefe turning themfelves round, as 
ft were upon a Point, with the Celerity of a 
Top. And he fays there were feveral other 

Sorts. 
\ ' ' ' - . : , 

It is common, in Summer-time, for the 
Water that (lands in Ditches to appear fome- 
times of a greenlfh and fometimes of a red- 

diflV Colour which, upon Examination 
c - ' - with 

—nr. . .. .. rim.. ..° t--t -,ur„ n, I 

* The Infedts that mo ft commonly difcclour the Waters 
are of the Shrimp Kind,' called by Swammerdam Puiex 
aquaticm arborefcens, from the branching out of their little 
Scorns; they are pften fo numerous in ftagnating Waters, 
|n May or Junes at which time they copulate, as to make 
; ; ... -, • ' . • them 
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with the Microfcope, is found entirely owing 

to infinite Millions of Animalcules crowded 
together on the Surface of it, and giving it 

fuch Appearance. Their Bodies are oval, 

and tranfparent at both EJnds; but the Mid¬ 
dle either green or red, according to the 

Colour of the Water they are fwimming in. 
This middle Part, viewed with the firfl or 

fecond Magnifier, feerns compofed of Glo¬ 
bules, and bears fo near a Refemblance to 
the Rows or Spawn of Fifhes, that it is rea- 
fonable to believe it really may be the fame: 

and the more fo Rill, as they are found after 
fomeTime perfectly clear and colourlefs, and 

therefore may be prefumed to have fhed 
their Spawn. 

The Water that drains from Dunghills, 

and looks of a deep brown Colour, is fo 
thronged with Animalcules, that it feems to 

be all alive; and muff be diluted with Water 

before they can be fufhciently feparated to 
diftinguifh their various Kinds. Amongfl 
thefe one Sort is found, which I do not re¬ 

member to have feen elfewhere, and there¬ 
fore give a Draught of (Plate VIII. Fig. XI.) 
Their middle Part appears dark, and befet 
with Hairs, but both Ends of them tranf- 

i 

them appear of a pale or deep red, and fometimes of a yel¬ 
low Colour, according to the Colour of themfelves. The 
green Scum fo commonly feen on the Top of Handing Waters 
in Summer-time, is nothing but innumerable green Animal? 
£uies. Vid. Der ham’s Pbyjic. cTheolog, pag. 178. 
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parent; their Tails are tapering, with a long 
Sprig at the Extremity ; and their Motion is 
flow and waddling. This Dunghill-Water 
abounds alfo with a Sort of capillary Eels 
that are extremely active. 

An Infufion of any Herb, Grain, Fruit, 
or Flower, made in common Water, will be 
found, after a few Days, to contain fome 
Kinds of Animalcules peculiar to itfelf; and 
this, tho’ aflonifhing, may be accounted for 
in a very reafonable Manner; for a little Ob- 
fervation will fhew, that every Herb, Grain, 
Fruit, or Flower, is allotted by Providence to 
be the Food of fome particular Sort of Bird, 
Beaft, or Infect, of the vifible and larger 
Kinds; and we may fuppofe it, in like Man¬ 
ner, when infufed in Water, to afford alfo a 
proper Nourifhment for fome or other of 
thofe numberlefs Species of minute Creatures, 
which are innoifihk to the naked Eye, and 
not to be difcovered without a good Micro- 
fcope. And as to this Particularity of Ani¬ 
malcules > I refer the Curious (who have not 
yet been convinced by Trials of their own) 
to the Obfervations of Monfieur Toblot 

(p. ofe'for Royal of the Mathematics, and of 
the Royal Academy of Painting and Sculpture 
at Paris) on the various Kinds difcovered 
by him in the feveral Infufions following : 
the Pictures of which Animalcules he has 
given, as well as a Defcription of them. He 
examined the Infufions of Pepper, black, 

white, 

8 
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white, and long; of Senna, of Pinks, of 
Cyanus or Bluebottle, of Rofes, JeJfamm9 

Rq/pberry-Stalks, Tea, Barberries, Fennel, 
and Sage, Marigold-Flowers, four Grapes,, 
and Mellion Rindand found different Ani¬ 
malcules in them all. Hay, new and old, 
abounded with many Kinds ; Rhubarb, 
Mujhrooms, fweet Bajil, Citron-Flowers, had 
their particular A?iimqlcules. The Anemo- 
ny afforded fome very wonderful *Ce¬ 
lery produced many Kinds ; Wheat-Fars and 
Straw many Kinds; Straw of Barley, Rye, 
Oats, and Turkijh-Corn, many Kinds; Oak- 
Bark, new and old, afforded great Variety. 
Some of thefe Infufions he kept a whole 
Year round, and obferved, not only that 
each Infufion had Animalcules of Shapes 
quite different from thofe in others, but 
likewife that in the fame Infufion different 
Kinds of Animalcules appeared at different 
Times. 

N. B. It is highly probable, that the Place 
where Infufions are made, in a City, or in 
the Country; expofed to the open Air, or 
fhut up within a Houfe; as alfo the Seafon 
of the Year, and its Temper as to Heat or 
Cold, may occafion great Differences in the 

f Mr. Joblot’s Draught of the Animalcules in this In¬ 
fufion reprefents an exa& Satyr’s Face upon their Backs: I 
recommend the Trial to the Curious. 

Kinds 
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Kinds of Animalcules to be found in the 
fame Infufons. 

We fometimes find in our Infufions of 
vegetable Productions, and in other Waters 
that have Rood awhile uncovered, an Ani¬ 
mal much larger than any before defcribed, 
of a very fngular and furprizing Form, as 
pidtured Plate VII. Fig. XIL This little 
Creature is in its middle State; it lately was 
a Worm, and will foon become a Gnat. 
For * Gnats depoft their Eggs in a Kind of 
flimy Matter on the Surface of the Water, 
and fallen them to fomething that may pre¬ 
vent their being walhed away, or feparated 
too foon. From thefe Eggs proceed a Num¬ 
ber of miiiute Worms, which, linking to the 
Bottom of the Water, make for themfelves 
Cafes or Coverings of fine Sand or Earth, ce¬ 
mented together with a Sort of Glue, but 
open at both Ends for them to come out of 
or retire into as they find Occalion. After a 
Time, quitting thefe Habitations, and the 
Figure of Worms, they re-afcend to the Top 
of the Water in the Shape now before us, 
Ihelled all over, with a large 'Head and 
Mouth, a Couple of black Eyes, two Horns, 
feveral Tufts of Hairs or Bridles on different 
Parts of the Body, and a Tail with a Brulh 
of Hair at the End of it, which being 

*' Spectacle de la Nature, Englijh Edit, izmo, pag. 123. 
Hooke’s M.ierog. p. 186. 

fmeared 
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fmeared over with an oily Fluid, ferves like 
a Cork to keep them above Water ; their 
Heads being fometimes lifted into the Air, 
and fometimes plunged into the Water, while 
the Tail Hides along the Surface. And if the 
Oil on the Tail begins to dry, they fhed 
from their Mouth a new Supply upon it, 
which redores its Ability of fleering where 
they pleafe, without being wetted or preju- 
diced by the Water. After living in this 
Manner the Time appointed by Providence, 
a dranger Change fucceeds: for, refigning 
their Eyes, Horns, and Tail, arid calling off 
their whole Skin, there iffues forth a Race 
of Infects of a quite different Element: the 
moil beautiful and delicate Plumage adorns 
their Heads; their Limbs are condituted 
with the fined Texture; they have Wings 
curioufly fringed and ornamented; their 
whole Bodies are in veiled with Scales and 
Flair, and they are actuated by a fur prizing 
Agility : in fhort, they become Gnats, and 
fpring into the Air. And, what is mod 
amazing, a Creature that but a Minute fince 
was an Inhabitant of the Water, would now 
be drowned if it were plunged therein. 

I have been the more particular in my 
Account of this Metamsrpbqfis, as I appre¬ 
hend many Sorts of the Animalcules in Fluids 
undergo Changes in fomewhat a like Man¬ 
ner. I ihall only add here, that the 
little Creature whofe Picture I have given. 
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is a delightful Objed for the Microfcope; its 
white Heart beating dj&ndly, and the Mo¬ 
tion of all its Intedines being perfectly vif- 
bje and extraordinary.—Of the Gnat I fhall 
fpeak farther in its proper Place. 

The Waters every where abound with 
Life, and are an endlefs Subjed of Employ¬ 
ment for the Microfcope ; Seas, Rivers, 
Ponds, Ditches, and almod every Puddle 
can, by its Abidance, prefent us with living 
Wonders never before difcovered : for fuch 
Examinations have as yet been but little at- . 
tended to, even by People that have got 
thefe Indruments, and alfo a Genius to ufe 
them. But I am in hopes this Treatife may 
excite them to be more indudrious, and not 
buffer a little Didiculty, or a few Difappoint- 
ments, to difeourage them from a Study 
that can fo amply reward their Pains. 

In feveral of * Mr. Leeuwenhoek's 

Letters to the Royal Society, we meet with 
an Account of fome furprizing Animalcules 
found adhering to the Roots of the Lens 
Falufns, or Thick-Weed (which in Summer¬ 
time boats plentifully on the Surface of 
Ponds and Ditches), as examined by him in 
a Glafs Tube filed with Water. One Sort 

' . ' C ' ,• • ' 1 '• r - - 

# Vid. Phil. Tran/r Numb. 283, 295, 337. 
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of thefe was ttiaped like Bells, with long 
Tails, whereby they fattened themfelves to 
the Root of thefe Weeds; and fometimes 
twenty of thefe were feen together, gently 
extending their long Tails and Bodies, and 
then, in an Inttant, contracting them again. 
See the Draught, Plate VIII. Fig. I. 

A, reprefents a Root o£ Duck-Weed, with 
the Tails of many Animalcules adhering to it. 

b b b b, &c» ttiew their Bell-like Bodies. 
c c c c, their long Tails. 
Another extraordinary Kind of Animacule 

(which fee Fig. II.) appears in a Sheath or 
Cafe, a, b, c, the End whereof it fattens to 
the Duck-Weed Roots. This little Creature 
has two feeming Wheels with a great many 
Teeth or Notches coming from its Head, 
and turning round as it were upon an Axis, 
d, e. At the leatt Touch it draws the Wheel- 
work into its Body, and its Body into the 
Sheath, after which it appears as Fig. Ill, 
But when all is epiiet, it thrutts itfelf out 
again, and the Rotation of the Wheel-work 
is renewed. Mr. Leeuwenhoek took No¬ 
tice of one of thefe, whofe Cafe feemed com- 
pofed of minute Globules (Fig. IV. a, b.) 
and in this he difcovered the Wheel-work to 
confift of four roundifh Parts, with little Di- 
vifions between each, though only three of 
thofe roundifh Parts could be feen, the fourth 
lying behind, as reprefented Fig. V. This 
convinced him how much he had been mif- 

taken. 
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taken, in believing them, from their cortf~ 
mon Appearances, to be two Wheels, 
whereas the real Form of this Wheel-work 
is as at Fig, V. 

To find thefe Animalcules, ehoofe Duck- 
Weed that has long Roots; for young Plants 
with ftiort Roots feldom afford any. Be 
careful too that they are not covered with a 
rough Matter, or tending to Decay, as they 
will often be. Let the Roots fink gently 
down in a Glafs Tube filled with Water, 
and fo apply them to the Microfcope. Two 
or three Animalcules will be found fometimes 
adhering to one Root; and at other times 
you may examine feveral, and not be able to 
meet with any. 

In the Water, or flimy Matter, found in 
Leaden Pipes or Gutters, Mr. Leeuwen¬ 

hoek met with various Kinds oi Animal¬ 
cules ^ and, among the reft, with Multitudes 
that appeared to have a Sort of Wheel-work, 
turning round fomewhat in the former Man¬ 
ner Thefe Creatures, when the Water 
dries away, contract their Bodies into a glo¬ 
bular or oval Figure, and reddilh Colour, and 
become fixt in the dry Dirt, which grows 
as hard as Clay : but whenever a Piece of 
fuch Dirt is put in Water, in about half an 
Hour’s Time they open, and by Degrees ex- 

* Phil, Trnnfaft. Numb. 289. Leevwen. Arcan. Nat. 
Tom. II. Epift. 149. 
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tend their Bodies, and fwim about: and this 
they did after fome of this Gutter-Dirt had 
been kept dry for twenty-one Months toge¬ 
ther. Whence he concludes, that the Pores 
of their Skin are clofed fo perfectly, as to 
prevent all Perforation; by which Means 
they are preferved till Rain falls, when they 
open their Bodies, fwim about, and take in 
Nourifhment. , 

Fig:. VI. VII. fliew two of thefe Animal- 
cules in different Portions. 

Fig. VIII. is the Form they appear in 
when dry and contracted. 

We may find in the Waters of our Ditches 
feveral Species both of Teflaceous and Cruf- 
taceous Animalcules: two of the latter Sort, 
which are moft remarkable, are (hewn (Plate 
IX. Fig. I. and II.) in a fwimming Pofture, 
with their Backs towards the Eye. Their 
Legs are fome what like Shrimps or Lob- 
Iters, but of a much more curious Structure. 
They are lefs than a very fmall Flea, but 
are all Breeders, and carry their Spawn either 
under their Tail, or in two feeming * Bags 
hanging from their Sides, as in Fig. IL 
Thefe Bags may fometimes be obferved 
broken, and the Spawn (confiding of Glo¬ 
bules very large in Proportion to the Crea- 

* Arcan. Nat. Tom. II, Epift. I2I»_ Pbiiofojbh. Tran/aM. 

Numb. 288. 
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ture) fcattered about the Water. There Is 
alfo a'third Sort, as beautiful as the forego¬ 
ing, but not near fo large; its Shape more 
refembles a Shrimp, and it carries its Spawn 
as the Shrimp does. Thefe three Species of 
Animalcules appear to have only one Eye, 
and that placed in the Middle of the Fore¬ 
head, without fo much as the lead: Trace of 
even a dividing Line. They are often to be 
found fo tranfparent, that the Motion of 
their Bowels is feen diftinCtly by the Micro~ 

/cope, together with a regular Pulfation in a 
little Part, which therefore we may fuppofe 
to be the Heart. 

I fhall finifh this Head with defcribing 
a very wonderful Kind of minute Animaly 
the extraordinary Form whereof (about 
thrice the Bignefs it appeared to the naked 
Eye) whilil in the Water, and faftened to 
the Root of a Weed, is given Fig. III. This 
was a large one of the Sort, and had eight 
Horns ; whereas the fmaller ones have fel- 
dom more than fix. It is like wife fhewn 
here as extended to its full Length, but 
when contracted is not a fourth Part fo long. 
It fixes by the Tail to the P.oots or Stalks of 
Water-Plants. On the upper Side a very 
fmall Animalcule (a) is reprefented coming 
out of the other’s Body, This was fuppof- 
ed at firfl to have fattened' itfelf there by 
feme Accident; but, by obferving it nar¬ 

rowly. 
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rowly, It was difcovered to be a young one 
in the Birth ; for though it had but four very 
fmall Horns when firft feen, after fixteen 
Hours its Horns and Body were grown much 
larger; and in four Hours more it was quite 
excluded its Mother s Body. Agai'nft this, 
on the upper Side, appeared a little round 
Knob, which gradually increafed in Bignefs, 
and in a few Hours became pointed at (b). 
Thirteen or fourteen Hours after, it was 
grown much larger, and alfo had two Horns. 
In twenty-four Hours four Horns were feen 
upon it, one whereof was fmall, the fecond 
larger, and the other two very large, ex¬ 
tending and contracting more vigorously than 
their Fellows. Three Hours .afterwards this 
Animalcule likewife fell off from its Mother* 
and fhifted for itfelf. 

The above Account Is the Subfiance of 
Mr. Leeuwenhoek’s Letter to the Royal 
Society, Phil. Pranjx\ Numb. 283.—And in 
Numb. 288. we meet with a farther De- 
fcription of the fame Animalcule by an Png- 
life Gentleman, whom Mr. Leeuwen¬ 

hoek’s Relation had put upon hunting after 
it. He fays, he difcovered one of them in 
fome clear Water taken out of a Ditch, but 
with the utmofl Attention could find no more 
therein-. It appeared the fir ft Day as in Fig. 
IV. but he tells us it varied every Moment, 
and the Knob {a)} which looks like the 

Vo l* L H Gut 



g6 Animalcules in Waters. * 

v Gat Caecum, was fometimes a little longer* 
Two or three Days after, he perceived fome 
white Fibres at the Extremity of the Knob % 
and on the fourth Day it lay extended at full 
Length, and appeared as in Fig. V. and he 
was then convinced, that what he imagined 
an Excrefcence, was in Reality a young 
Animalcule of the fame Species, iffuing.from 
the old one, and having fix Horns. Next 
Day he found it in the Water entirely fepa- 
rated, and about a third of its Parent’s Length. 
The Horns come out like Radii, not from 
the Extremity, but quite round a fmall Knob, 
which probably is the Head : they have a 
vermicular Motion, and can extend or con-* 
tra6t themfelves either fngly or altogether. 
The other End is fat, and by that it often 
fattened to the Bottom or Side of the Glafs 
wherein he kept it. It alfo contrads and 
dilates its Body, and can bring both Body 
and Horns into a fmall Compafs, as in 
Fig. VI. and Fig. VII. The Horns are per- 
fedly white, the Body yellowifh, and not 
eattly difcernible by the naked Eye; being, 
when extended, no thicker than a large 
Horfe-Hair. 

Monf. Buffon, in a Letter to Martin 

Folkes, Efq. late President of the Royal- 
Society, dated at the Garden of Verfailles, 
July 18, 1741? fends an Account (as a new 
Difcovery in Natural Flittory) of a Creature 

called: 
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called a Polype *, found adhering to the Lens 
Paliijiris; which being cut through the 
Middle, from the upper Half a Tail pro¬ 
ceeds, and from the lower Half a Head : fo 
that one Animal becomes two. If it be di¬ 
vided into three, the middle Part fhoots forth 
a Head and Tail, the upper Part a Tail, and 
the lower Part a Head $ and all three be¬ 
come as perfect Animals as the firfl. Whence 
he concludes, that in the boundlefs Variety 
of the Works of Providence, every Thing 
that can be, is. 

Another Letter to the fame Gentleman, 
dated at the Hague, Sept. 15, 1741, from the 
Honourable William Bentimck, Efq. 
fays# That a young Man of Geneva looking 
for fmall Infedls in Water, faw fome little 
Things which he took for Plants; but ex¬ 
amining them carefully, he perceived fome 
Motions in them, and found them contract 
when touched. It was a long while, how¬ 
ever, before he could determine whether they 
were Plants or Animals ; for he faw feveral 
young Shoots coming out upon them, and 
that as far as four Generations, hanging to 
©ne another. But he has iince found them 

* The Name Polypus, or Many Feet, is given to feveral 
Fillies of the Star-Fijb or Cuttle-Fijh Kind, fome whereof, 
befides feveral Claws, have two long Trunks, which they 
can extend to a great Diitance to feize their Prey : and this- 
Animalcule, I fuppofe, is called Folypei Korn its having fome- 
what of a like Form, 
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to eat Infedls, and even raw Meat. They 
fatten themfelves by one Extremity to fome 
Plant, or the Side of a Glafs, and have at 
the other End fix or eight Horns, where¬ 
with they hold their Prey. 

Fig. VIII. is taken from a Drawing fent 
with this Account. 

He cut one of thefe Creatures to fee what 
would become of it, and fome Days after 
found new Arms growing out where others 
had been cut away. Since that, he has di¬ 
vided them the long Way, the broad Way, 
oblique, and every Way pottible, all with 
the fame Succefs. He has alfo gone on fub- 
dividing them, and has not found them pro¬ 
pagate any other Way than by Shoots, and 
without Copulation. 

Both thefe Letters feem to mean the fame 
Animalcule Mr. Leeuwenhoek defcribes : 
though with farther extraordinary Particu¬ 
lars, which I believe the Curious will judge it 
worth their while carefully to examine into*. 

Upon 
 t  

* Since the Publication of the above Accounts, fuch farther 
Particulars concerning this Animalcule have been received both 
from Holland and France, in Anfwer to the ingenious Enqui¬ 
ries of Martin Folk.es, Efq. Prefident of the Royal So¬ 
ciety, and by him communicated to the faid Society, that 

at would appear an unpardonable Neglect Ihould I take no 

Notice of them. 
' The Honourable William Bentinck, Efq. F. R. S. 
in a Letter from the Hague, dated 15th January, N. S. * 7-4-3» 
inclofes fome Obfervations and Experiments drawn up by 
Mr. Trembley (the young Gentleman mentioned p. 97. 

as the firft Difcoverer of the Singularity of this Infeft, who 
nov/ 
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Upon the Whole, this Animalcule appears 
to be fomewhat of the Star-Fijh Kind, or 
between that and the Sea-Mu [hr com, or 
Anemone: which is a little Animal found 

frequently 

now refides in Holland); and Mr. Bentinck adds, that he 
can anfwer for the Truth of the Fads therein: contained, as 
there is not one of them but what he has feen repeated above 
twenty times. 

Mr. Trembley gives a Drawing of the Polype, with eleven 
Horns, or Arms, and adhering to the Tail by a little Twig; 
but in all other refpeds exadly conformable to Fig. IV. and 
V. Plate IX. The Horns, he fays, ferve for Legs and Arms ; 
and at the End whence they come out is a Mouth, or Paftage 
into the Stomach, which, extending the whole Length, forms 
a Body like a Pipe or Gut, open at both Ends. He knows 
two Species, and has feen fome ilretch their Bodies to an 
Inch and half in Length, but that is rare ; few, even of the 
larger Kind, being above nine or ten Lines long: and fuch 
can contrad themfelves to not above a fingle Line, Hopping, 
if they pleafe, at any Degree, between the utmoft Contradion 
and the utmoft Extenfton. Their Horns differ in Length ac¬ 
cording to the Species; one Sort can extend them feven Inches: 
their Number of Horns is alfo different; but a full-grown 
Polype has feldom lefs than ftx. 

They do not fwim, but crawl, either upon the Ground, on 
aquatic Plants, Pieces of Wood, Leaves, &c. all which are to 
be taken from the Bottom, Surface, Edges, or Middle of 
Ditches (when we hunt after thefe Animals) and put into a 
Glafs of clear Water ; where, after a little Reft, if there be 
any Polypes, they will be feen to extend their Arms, which 
they contraded upon being difturbed. 

Their common Pofture is, to fallen their Tails to fome- 
thing, and then extend the Body and Arms into the Water : 
and they make ufe of their progressive Motion to place them¬ 
felves conveniently for this Purpofe. Their Arms are fo many 
Snares, ftretched out to catch fmall Creatures in the Water:, 
and when any Infed happens to touch an Arm, it is caught, 
and conveyed to the Mouth by the contrading of that Arm ; 
Or if the Creature ftruggles, the other Arms affift. 

They are voracious Animals : a Polype can fwallow a Worm 
whole twice or thrice its own Length. If the Worm comeg 
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Endways, it is fwallovved in that Manner ; otherwise it goes 
down double, and makes feveral Foldings in the Stomach, 
which diftends wonderfully for its Reception. The Worm 
foon dies there, and after it has been fqueezed or fucked, is 
voided by the Mouth. They eat more or lets, feldoiner or 
oftener, as the Weather is hotter or colder, and grow in Pro¬ 
portion to what they eat: they can live whole Months with¬ 
out Food, but wake proporiionabiy to their failing. 

He fays, the Account (in the Philofophical P’ranfadions 

before quoted, p. 95.) of the Manner how thefe Infedls mul¬ 
tiply, is true and exadt ; and the more one fearches into it, 
the more evidently it will appear to be done by a true Vege¬ 
tation. The Polype brings forth its Young from the exterior 
Parts of the Body, and that not always a hngle young one at 
once : it is common to fee five or fix, nay fometimes nine or 
ten at the fame Time ; and when one drops off, another 
comes in its Place. 

For two Years, thoufands of them have been under his Eye, 
but he could never obferve any thing like Copulation amongft; 
them. And left it fhould happen in fome fecret Manner be¬ 
tween the Old and Young, he has feveral Times cut off a 
young one from its Parent, and kept it in a Glafs alone ; 
notwithftanding which, it bred very plentifully. And that 
3io Copulation might poffibly be performed between the 
young ones themfelves, he has cut them off, one by one, as 
they fprouted out, and has kept each of them alone, and that 
for feven fucceffive Generations, but without finding any 
Difference as to their Increafe. He has likewife feen a Polype 

bring forth young ones, and thole again producing others, 
before the firft has been feparated from its Parent. They 
multiply more or lefs, in proportion to their Feeding, and 
the Warmnefs of the Weather. 

But the moftamazing Part of Mr. T remble y’s Account is, 
^yhat he tells us concerning his Operations on thefe Creatures. 
If one of them be cut in two, tranfverfely, the Fore-part, 
which contains the Head, Mouth, and Arms, lengthens it- 
felf, creeps, and eats, on the very fame Day. The Tail-part 
forms a Head and Mouth at the wounded End, and ihoots 
forth Arms, more or lefs fpeedily as the Heat is favourable. 
In Summer they will be (hoc out in twenty-four Flours, and 
the new Head perfected in a few Days. 

Cut a Polype where or in what Parts you pleafe, tranf¬ 
verfely, each Part becomes a compleat Polype. But being too 
fmali an Animal to admit of being divided into many Parts at 

Gnce? 

7 



Animalcules in Waters. 

once, he firft cut one into four Quarters, and let them grow ; 
then divided each Quarter, and proceeded fubdividing till he 
obtained fifty out of one : and has ftill by him feveral Pieces 
of the fame Polype thus cut above a Year ago, which have 
produced Numbers of young ones. 

If a Polype be cut the long Way, through the Head, Sto¬ 
mach, and Body, eacjh Part is half a Pipe, with half a Head, 
half a Mouth, and fome of the Arms at one of its Ends. The 
Edges of thefe halfPipes gradually round themfelves, and 
unite, beginning at the Tail-End ; and the half Mouth and 
half Stomach of each becomes compleat. All thi3 he has 
feen done in lefs than an Hour ; and the two Polypes thus 
formed differed nothing from whole ones, but in having 
fewer Arms ; which Defeft a few Days fupplied. A Polype has 
been cut lengthways between Seven and Eight in the Morn¬ 
ing, and between Two and Three in the Afternoon each Part 
has devoured a Worm as long-as itfelf. 

Cutting a Polype lengthways, through the Head and Body, 
but not quite through the Tail, in a fh,ort Time there will be 
two perfect Heads and Bodies with but one Tail: which Heads 
and Bodies may, foon after, be again divided in like Manner: 
and thus, Mr. Trem?l ey fays, he has produced a Polype with 
feven Heads and Bodies conjoined with but one Tail, Thefe 
feven Heads being cut off at once, feven others grew in their 
ffead : and each of the feyen Heads fo cut off, putting forth 
a new Body, became a compleat Polype. 

Pie cut a Polype tranfverfely afunder, and putting the two 
Parts clofe together, they united where they had been cut. 
The Creature eat the next Day, is grown- fince, and has mul¬ 
tiplied. The Fore-Part of one Polype united in the fame 
Manner to the Hind-Part of another. This compound Ani¬ 
mal eat likewife the next Day, and has fince produced young 
ones from each of the Parts that formed, it. But thefe two 
Experiments do not always fucceed, 

It was faid before, that the Body pf a Polype is a Sort of 
hollow Gut or Tube : this he has found means to turn infi.de 
out, as one may turn a Stocking; and has feveral at prefent 
by him, whole Infides remain to be their Qutfiaes; notwiths¬ 
tanding which, they eat, grow, and multiply, as if nothing 
had been done to them. He has repeated all thgfe Experi¬ 
ments feveral Times with the utmoft Precaution, Affiduity, 
and Attention; and might appeal, he fays, to the Quality 
and Number of the Perfons who have feen them made by 
him, as well as of thofe who have made the fame themfelves. 

H 4- * He 
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Jie sods, tnat in the Hiftory of the Polype, which he has in 
Hand, all the Methods and Contrivances ufed by him in his 
Observations will bedefcribed ; but even before its Publican 
tion he is ready and willing to communicate any Infer-? 
mation that may enable others to perform the like. 

Mr. Re aumur, Fellow of the Royal Academy of Science? 
in France, declares (in the Preface to the fixth Volume of hi? 
MJlory of Infeaf juft publilhed at Paris) that he has repeated all 
Mr. Trembler’s Experiments, not only byhimfelf, but with 
Mr. Jussieu, and feveral others of the faid Academy, and 
found them fucceed as they had done in Holland, of which he 
gives a general and fuccind Account. When firft he favv two 
compleat Animals forming themfelves from the Parts of one 
Polype cut afunder, be knew not, he fays, how to believe hi? 
Eyes ; and he cannot yet behold it without new Amazement, 
though he has feen it an hundred and an hundred Times. He 
adds, that the Curious in France foon began to try if other 
Creatures might not be found with the lame extraordinary 
Faculty. That Mr. Bonnet foon difeovered a Bender Water- 
Worm about one Inch and half long, that had the fame 
Property ; and Mr, Lyonett found another about three 
Inches long, and the Thicknefs of the treble String of a 
Violin, which being cut into thirty or forty Barts affordecl 
the fame Phenomena. 

Mr. Reaumur, imagining that fome Sea Predu&ions, 
whole Shape fomewhat refembles this FreJb^Water Polypel 

fuch as the Urticf Marines and Star-Fijh, might have the 
like Faculties, engaged Mr. Guttarb and Mr. Jussieu 

to make Variety of Experiments on the Coafts of Poidlou and 
Normandy. They broke and cut Star-Fijb into feveral Parts, 
and had the Pleafure to fee the feveral Parts continue alive, 
arid their Wounds cicatrize and heal: and though they could 
not Bay long enough in the Country to fee new Parts Ihoot 
forth inftead of thofe cut away, Mr. Gerrard de, Vil«? 
Lars has feen the Urticce, on the Coafts near Rochelle, re-pro¬ 
duce all the Parts cut off, and theStar-Fijb putting forth 
new Radii inrthe Room of thofe they had been deprived of. 
When the Filherrnen faw Mr. Jussieu tearing and cutting 
one of thefe Animals in Pieces, they told him, it was Labour 
in vain, he could not kill it; Experience having taught then* 
what Men of Learning had never fo much as heard of. 
Mr. Reaumur and Mr. Bonnet found alfo fome Sorts of 
Earth-Worms, which being cut in two, each Half had all its 
Beftciencies re-produced after fome Months. Many, indeed. 
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frequently on the Coafl of Normandy *. 
They are feen flicking on the Declivity of 
Rocks, feme red, feme green, and feme 
of other Colours ; where they look like 
Mufhrooms while fhut and folded up, but 
like Anemonies when they open and difplay 
themfelves. There is no opening them by 
Force without deftroying them; but on Pref- 
fure they fometimes ejedt feveral young ones 
of different Sizes : which feems to prove 
them both Male and Female, and alfo to be 

died; but-as Tome fucceeded, the Mifcarriages mtift be imput¬ 
ed to Want of Care, and not to the Want of fuch an Ability 
in thefe Animals. 

It may, perhaps, be expended of me to add here fome farther 
Relation of this extraordinary Creature, as it is well known 
by many, that for a Y ear and half pad: great Numbers of them 
have been continually under my Examination ; but having 
lately publifhed whatever I can atteft concerning it from my 
own Knowledge, under the Title of An Ejfay towards aNatu- 

ral Hijlory of the Polype (wherein I defcribe their different 
Species, the Places where to feek and how to find them, their 
wonderful Production and Increafe, the Form, Structure, and 
Ufe of their feveral Parts, and the Manner they catch their 
Prey ; with an Account of their Difeafes and Cures, of their 
amazing Re-produSiion after being cutin Pieces, of the befl Me¬ 
thods to perform that Operation, and of the Time requifite to 
perfeCt the feveral parts after being divided : and alfo full Di¬ 
rections how to feed, clean, manage, and preferve them at all 
Seafons of the Year : likewife a Courfe of real Experiments, per¬ 
formed by cutting them everyWay that can be eafily contriv¬ 
ed ; fhewing the daily Progrefs of each Part towards becoming 
a perfeCt Polype ; the "Whole explained every where by great 
Numbers of Figures, and intermixt throughout with Variety 
of Obfernsations and ExperimentsJ ; I mull refer my Reader to 
that Fffay ; as an AbftraCt thereof would not only over-fwell 
this Volume, but likewiR prove an Injury to thofe who have 
bought the former Edicions. 

* Vid. Spectacle de la Nat* Part II. Dial. 22. 

viviparous. 
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viviparous. If you loofen their Hold, carry 
them away, and keep them in Water, they 
will fix themfelves to the firft convenient 
Place they find. When the Sea-Mujhroom 
is about to open, it raifes itfelf, and thrufts 
out two little white and firiped Bodies like 
Bladders, round which appears a great Va¬ 
riety of Points or Trunks of different Sixes 
and Colours ; whence fome Naturalifts have 
called it the Sea-Anemone. This Opening, 
not unlike the blowing of a Flower, has 
Inclined others to look upon it as a Sort of 
Plant, or elfe as partaking both of the Ani¬ 
mal and Vegetable Nature. But fince all 
thefe little Points or Studs are not Leaves, 
but a Sort of Snouts or Trunks, through 
which this Creature fucks in its Nourish¬ 
ment, as the Sea-Urchin and Star-Fi/h do 
through their fine Reeds or Prickles, we 
cannot deny it a Place in the Rank of Ani¬ 
mals ; and especially after fo remarkable a 
Circumfiance (confirmed by ocular Testi¬ 
mony) as that of three or four young ones 
iffuing from the Parent upon fqueezing it. 

There is a Sort of Star-Fijh, called by 
Rond?letius, p. 121, Stella Arborefcens, 
which, from a Body fomewhat like the Sea- 
Urchin, fends out five Branches in Form of 
a Star : thefe five divide into ten ; thofe ten 
again into twenty; the twenty into forty; 
the forty into eighty; the eighty into one 
hundred and fixty j the one hundred and 

f 
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fixty into three hundred twenty; the three 
hundred twenty into fix hundred forty ; the 
fix hundred forty into one thoufand two 
hundred eighty; the one thoufand two hun¬ 
dred eighty into two thoufand five hun¬ 
dred fixty ; the two thoufand five hundred 
fixty into five thoufand one hundred twenty; 
the five thoufand one hundred twenty into 
ten thoufand two hundred forty; the ten 
thoufand two hundred forty into twenty 
thoufand four hundred eighty; the twenty 
thoufand four hundred eighty into forty 
thoufand nine hundred fixty; and thofe 
again into eighty-one thoufand nine hundred 
twenty.—The farther Divifions could not 
certainly be traced; tho’ probably when 
the Fifli was alive they might have been 
diftinguifhed much beyond this Number*. 
All thefe flender Threads, thro* their whole 
Length, have minute Clafpers bluing from 
them, and appear very amazing when exa¬ 
mined by the Microfcope. 

To conclude this Chapter.—If the (mail¬ 
ed living Creatures that have been yet dis¬ 
covered are produced in the Waters, in them 
we find alfo the larged and molt mondrous. 
No Bird or Bead: comes near the Size of many 
I£inds of Fifhes, nor can the Elephant itfelf 
be brought in Comparifon with the Whale. 

—-——.. .... 

Joan- 

f Vid, Philofopb, Tranfatt. Numb. 57. 
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Joannes Faber Lyncexjs allures us* 
that, in the Year 1624* he faw himfelf a 
Whale that was call upon the Shore near 
Santa Sever a, about thirty Miles from Rome, 
ninety-one Palms in Length, and fifty in 
Thicknefs : its Mouth was fixteen Palms 
long and ten high, and being opened and 
kept gaping, a Man on Horfeback might 
therein find Room enough. Its Tongue was 
twenty Palms, that is, about fifteen Foot in 
Length. He adds, that four Years before, 
another Whale was thrown afhore near the 
Jfland of Corjica, not far from the Coafl of 
Italy, which, being a Female, was found big 
with a Cub thirty Foot long, and fifteen 
hundred Pounds in Weight, He fays, the 
Carnca Pinguedo [Lard or Fat] only of the 
Parent Whale weighed one hundred and 
thirty-five thoufand Pounds. 

Let us now reflect how amazing the Dis¬ 
parity between fuch a Fifh as this, and a 
minute Animalcule lefs than the thoufandth 
Part of a Grain of Sand in Bignefs i how 
innumerable muff the Kinds of Creatures be 
that form the Progreflions from one Size to 
the other ! and how equally wonderful does 
the Hand of Providence appear, whether it 
actuates an enormous Mountain of Matter* 
or-enlivens an Atom ! 
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CHAP. VI. 

An Examination of the Blood in Animals, 

WE cannot employ the Microfcope to 
any more ufeful Purpofe than to 

view the natural Courfe of the Blood within 
its Veifels, or examine the Contexture of-it 
when extracted from them : for the Prefer- 
vation or Refloration of the Health of Mam 
maybe greatly advantaged by fuch Enquiries. 

By feeing it within the Veffels, we may 
judge of the Situation, Dimenfions, Arrange¬ 
ment, and Ramifications of the Arteries and 
Veins through which it paffes, together with 
the general State of the Fluid, the Degree 
of its Impulfe, Progreflion, or Motion, and 
the Tendency or Direction of its Current 
pading through them. 

When taken from the Veffels, we can 
examine it more minutely, and obferve all 
the little Alterations that may happen in the 
Mixture, Size, Form, and Quality of the 
Particles compofmg its more folid or more 
fluid Parts. 

I fhall now fliew how the Microfcope may 
be employed in both thefe Ways; but think 
proper to premife a fhort Account of thq Blood 
itfelr, fince our Knowledge of that will the 
better enable us to make a right Judgment 
when we come to fee it circulate. 

CHAP. 
A 

/ 
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CHAP. VII. 

Some Account of the Blood, as examined hy 
the Microscope. 

TJXJMA N Blood, and the Blood of Land- 
Animals, is found by the Microfcope 

to con fid: of round red Globules floating in 
a tranfparent Water and Serum. Each red 
Globule is made up of fix fmaller and more 
tranfparent opes : and Mr. Leeuwenhoek 

has difcovere'd, that each of thefe again is 
compofed of fix Globules dill more minute 
and colourlefs : fo that every common red 
Globule is compounded of at lead thirty- 
fix fmaller ones -y and perhaps the Divifion 
may dill go on much farther *. 

The fpecific Gravity of thefe Globules is 
fomewhat more than of the Serum wherein 
they float, as is fhewn by their fubfiding in 
Blood extracted from the Veins and at red : 
they have alfo a confiderable Attraction to 
each other, and when brought in ContaCt, 
cohere fo drongly (unlefs foon feparated 
again by Motion) as to form a Subdance re- 
fembling foft Flefh. 

It is not difficult to imagine, how fix foft 
and flexible Globules, eafily compreffible 
into any Shape, may compofe one larger 
Globule : but to make it the better under- 

* Fid, Leeuwen. Arc. Nat. Tom. IV. pag. 12. 
flood. 
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flood, I fhall borrow two Draughts frorii 
Mr. Leeuwenhoek. 

Fig. I. Plate X. Thews one fiich large 
Globule, wherein five of the fmaller Sort 
that compofe it appear in Contact, the fixth 
lying behind. 

Fig. II. fhew-s how, by their mutual At¬ 
traction to, or PrefTure again if each other, 
they readily unite to form a perfect round 
Body. 

It is alfo eafy to conceive, that thefe fix 
Globul es, and even the more minute ones 
hill whereof they are compounded, may 
occafionally be feparated, in order to pafs 
through fuch extremely minute VefTeis as 
without Separation they cannot poffibly en¬ 
ter ; and may re-unite when they meet 
again in VefTeis where they have more Room. 
And we are very certain, that fometimes 
they cohere in greater Numbers, and form 
larger MafTes, than are confident with a free 
and healthy Circulation. 

Mr. Leeuwenhoek and Dr. Jurin, af¬ 
ter the muff accurate Admeasurement, by 
the Way defcribed page 46, agreed, that the 
Diameter of a common red Globule of hu¬ 
man Blood is equal to the *■ one thoufand 
nine hundred and fortieth Part of the Length 
of an Inch. MerLeeuwenhoek before 

j 3 O. >0 

* Vid* Philofoph, TranfaQ, Numb, 106. 
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this had computed that * twenty-five thou-® 
fand of them were but equal to a Grain of 
Sand. 

Suppofing, then, the Blood in People of 
found Health to confift of Globules of fuch 
Size and Competition as before mentioned, 
foft, flexible, and eafily feparable ; it muft 
neceftarily happen, that a confiderable Alte¬ 
ration in any of thefe Particulars will occa- 
fion a morbid State,—Should the Globules, 
for Inftance, be divided too minutely, and not 
readily again cohere; fhould they become 
rigid and unflexible, either when feparated or 
united j or lhould they coagulate and become 
infeparable, bad Confequences muft enfue. 

The great Boerhaave fays, that Health 
confifts in an equal Motion of the Fluids, 
and an equal Refiftance of the Solids. Now 
the Fluids move equally when their Force 
is not greater in one Part than in another; 
and the Refiftance of the Solids is equal 
when they comprefs the Fluids every where 
fo equally, that no Senfe of Pain arifes. 

But when the Globules of the Blood co¬ 
here in Mafifes too large, and will not eafily 
be fo feparated as to pafs freely through the 

* If the Diameter of one thoufand nine hundred and forty 
Blood-Globules be equal to the Length of one Inch ; and if, 
as Geometricians demonftrate. Spheres be to each other as the 
Cubes of their Diameters, ir mull neceftarily follow, that a 
Sphere whofe Axis is one Inch in Length muft be equal to 
feven thoufand three hundred and one millions, three hundred 

and eighty-four thoufand luch Globules, 

minuteft 
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minuted Vedels, the Force of the Fluid mull 
there be greater, and confequently unequal; 
the Refiftance of the Solids mud: alfo be 
thereby increafed, and rendered likewife un¬ 
equal : whence fome Diflemper muft arife. 
If, on the other hand, the Globules are 
broken, or feparated into fmaller MafTes than 
the natural Standard Size, they will take up 
more Room than they did before ; and, be¬ 
ing crowded too abundantly into the capillary 
’Vdfels, will occafion Diftenlion, Uneadnefs, 
and perhaps a partial Stagnation there: whilft, 
in the larger Vedels, the Current rolls along 
with too great Rapidity, the Force of the 
Fluids, and the Reddance of the Vedels, are 
both rendered unequal, and the Balance be¬ 
tween the Solids and Fluids is entirely over¬ 
turned. None of the Secretions in this State 
can duly be performed ; and unlefs fome 
Means be found to redare the Equilibrium* 
the Event mud foon be fatal. 

I bel ieve it will be allowed, that where 
one Perfon dies from a Diforder in the con¬ 
taining Vedels, twenty rnifcarry by fome un¬ 
natural Alteration in the Fluids that pafs 
through them: and therefore, if we can find 
what their natural State is, theMeans where¬ 
by it may be preferved in fuch State, by 
what Accidents it may be prejudiced, and 
how it may be redored, our Pains will be 
well employed, 

VOL.I. I In 
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In order to obtain this ufeful Knowledge, 
it will be neceffary to examine the human 
Blood and other Juices, frequently, with the 
Microfcope, in every Condition, and under 
every Diflemper, as well as in a State of 
Health : by which we fhall have ocular De- 
monftration of its different Appearances in 
each State, and of the Changes it undergoes; 
and by Experiments of various Mixtures with 
it, may poflibly difcover by what Means it 
can be altered from one Condition to another: 
as from a thin and broken to a more firm 
and confident State, and fo on the contrary. 

Would our learned Phyficians, who are 
heft able to judge of fuch Matters, be indu¬ 
ced to take this Method into their Practice, it 
is reafonable to believe, that in a few Years 
the Caufes of Difeafes would be better known, 
and the Art of Healing brought to a much 
greater Certainty, than it is at prefent. An 
Obfervation of Mr. Leeuwenhoek is veiy 

well worth regarding : he took Notice, that 
when he was greatly difordered, the Globules 
of his Blood appeared hard and rigid, but 
grew fofter and more pliable as his Health 
returned : whence lie infers, that in an 
healthy Body it is requifite they fhould be 
foft and flexible, that they may be capable 
of palling through the capillary Veins and 
Arteries, by eafily changing their round Fi¬ 
gures into Ovals, and alfo of re-affuming 
their former Roundnefs when they come 
into Veifels where they find larger Room, 
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Changes are produced in Fluids furprizing- 
ly and fuddenly, as a very few chemical Ex¬ 
periments will demonftrate : the Bite of Ve¬ 
nomous Creatures, and Inoculating for the 
Small-Box, fhew likewife how minute a Pro¬ 
portion of poifonous Matter will contami¬ 
nate the whole Mafs of human Bloody which 
can no otherwife be effected but by altering 
the Solidity, Figure, Size, or Motion of its 
component Parts or Globules. And it is pro¬ 
bable, that in many Cafes it may be chang¬ 
ed from a morbid to a healthy State, by 
Ways not lefs eafy, could we be fo happy 
as to find them out: for we cannot reason¬ 
ably fuppofe, that the beneficent Author of 
Nature has given more certain and ready 
Means of doing Mifchief than of doing Good. 

Many Diftempers might perhaps be cured 
by an immediate Admiffion of fome Medi¬ 
cine into the Veins, which elude the Power 
of all that can be taken by the Mouth. For 
the Stomach, by its Heat, its Action, and a 
Mixture of its juices, works fuch an Altera¬ 
tion in Things before they can be adrhitted 
into the Blood, that they are unable to pro¬ 
duce the fame Effects as if they were re¬ 
ceived into it hmply and unchanged. 

Some Trials that have been made already 
may ferve in a great Meafure towards con¬ 
firming the above Suppofition. Dr. Fabri- 

cius inje&ed with a S vphon into the Median 
Vein of a Soldier’s Right Arm, in the Hof- 
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pital at Dantzick *, about two Drams of a 
certain purgative Medicine, which in about; 
four Hours began to operate, and gave the 
Patient five Stools. Hi®'Cafe was Venereal, 
and in fo terrible a Manner, that there were 
iNodes on the Bones of his Arm. But by 
this fingle Injection, and without any other* 
Medicine, the Protuberances gradually dis¬ 
appeared, and the Difeafe was quite cured. 
He like wife ipjeded into the Vein of a mar¬ 
ried Woman, thirty*-five Years old, and trou^ 

' bled from her Birth with Epileptic Fits, a 
fmall Quantity of a purging Rezin diffolved 
in an Anti-Epileptic Spirit; this occafioned 
a few gentle Stools; after which the Fits 
were lefs violent every Time than other, and 
in a fhort Time returned no more at all. 

Dr. Smith p, of the fame City, injeded 
Alteratives into the Veins of three Patients $ 
one was lame with the Gout, another ex¬ 
ceedingly Apoplectic, the third afflided with 
that ftrange Diftemper called the Plica Po~ 
Ionic a ; and they were all cured by the laid 
Ipjedions. 

S.Fkacassati injeded Aqua Fort is into 
the jugular and crural Veins pf a Dog, which 
died immediately. The Blood was found 
fixed in the fmaller Veffels, and the larger 
Veffels burft. Whereupon he remarks, that 
gs an Apoplexy is caufed by a Coagulation of 

*rs- 1 " ' ~ 
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the Blood, it may probably be cured by fame 
Diffohentinjedted.—Another Dog, in whofe 
Veins Oil of Vitriol was injected, complained 
a great while, foamed like Epileptics, breath¬ 
ed fhort, and died. His Blood was fixed 
and grumotis, refembling Soot.—Oil of Tar¬ 
tar was injected into a third Dog, who, af¬ 
ter much bemoaning, appeared fwelledj and 
died. His Blood was not in the leaft cur¬ 
dled, but thinner and more florid than com¬ 
mon.—This proves too great a Separation, 
aS well as a Coagulation, mortal. 

Mr. Boyle found, that by putting a little 
Aqua Fortis, Oil of Vitriol or Spirit of Saltp 
into warm BloM, it did not only lofe its 
pure Colour and become dirty, but in a 
Moment was coagulated; whereas urinous 
Spirits abounding in volatile Salts, fuch as 
Spirit of Sal Armoniac, mingled with it, did 
not curdle it, or debafe its Colour, but made 
it redder, kept it fluid, and preferved it a 
long while from Putrefaction. 

As the Microfcope has informed us of the 
Structure of the Blood\ which without its 
Help could never have been difcovered; and 
as its continual Affiftance is needful to exa¬ 
mine and diltinguifh minutely any Changes 
that may be wrought therein, either for the 
better or the worfe, by Accident or by Me¬ 
dicine 5 I hope this Difcourfe will not be 
judged too long or foreign to my Subjedt, 

I 3 fince 



112 Of viewing the Blood 

fmce Hints of this Kind may prove highly 
beneficial to Mankind, if they fhould be fo 
fortunate to fall into the Hands of thofe 
who are inclinable to purfue and improve 
upon them, 

I come now to defcribe the Manner of 
bringing the Blood to a flridt Examination 
before the Microfcope, and fhall offer fuch 
Ways as I have myfelf experienced ; not 
doubting but the Ingenious will contrive 
others, as they may find Occafion. 

CHAP. VIII. 

Of viewing the Blood with the Microfcope. 

A K E (with the Tip of a Feather, or 
A a foft Hair Pencil) a fmall Drop of 

warm Blood immediately from the Vein r 
fpread it, as thin as poffible, on the cleared: 
fmgle limglafs placed on a Slider on purpofe* 
and apply it to the firfl or fecond Magnifier : 
the Globules will then be feen diflindly, and 
a little Practice will enable to form a. Judg¬ 
ment of any Alteration that may happen in 
the Size, Figure, Colour, or Appearance of 
them. We may alfo examine the Blood ex¬ 
tremely well, by taking up a little of it in a 
very fmall capillary Tube of the thinned: 
Glafs, and then placing the Tube before the 
Magnifier. 

If 
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If a Drop of the fame Blood be diluted 
with warm Water, and applied in either of 
the above Ways, fome of the larger Globules 
will appear more afunder, and a great many 
of them will be feen divided into the fmaller 
ones which compofe them. 

If fome of the fame Blood be mixed with 
a little warm Milk, feveral red unbroken 
Globules will be feen diftin&ly; but thofe 
that are again feparated into their fmaller 
ones will be confounded with the Milk it- 
felf, of which the greateft Part is nothing 
elfe but Heaps of fuch like-fized minute 
Globules. 

If we defire to try by Experiment what 
Alteration any Liquor, either poifonous or 
medicinal, can produce on the Contexture 
of the Blood, the Liquor fhould be blended 
with it at the very Inftant of its iffuing from 
the Vein : for if the Blood be in the leafl 
coagulated before fuch Mixture, no certain 
Conclufions can be formed. Putting the Vef- 
fel into which we receive it into a Bafon of 
"Water a little hotter than the Blood, will 
preferve it longer fluid, and make our Ex¬ 
periment by any Mixture with it fucceed the 
better.—I would alfo advife, to get your 
Inftrument in perfect Readinefs, by adjuft- 
ing the Magnifier before the Vein is opened $ 
and like wife to make your Obfervations in a 
warm Place, left the Blood become congeal¬ 
ed before you can finifh your Enquiry. 

I 4 In 
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In all Enquiries of Confequence, it is bed 
to draw the Blood from a large Vein : be- 
caufe what we can gain (by the Prick of a 
Pin or Needle) from the Finger, or any fuch 
Part, iffues from lb me extremely minute 
capillary VelTels only, and perhaps is not lb 
good a Sample of the Contexture of the 
whole Mafs. Some Trials on both may 
however not be amifs, to difcover what 
Difference there is between them. 

By mingling with the Blood the lead ima¬ 
ginable Quantity of thQpoifonous Juice which 
iffues from the Teeth of a Viper when en¬ 
raged, or from any other Animal, Vegetable, 
or Mineral, we fhall difcover its immediate 
Effedt upon the Globules; and by c on fide r- 

ing that the Alteration we obferve is wrought 
in it tho’ at Reft, we fhall be able to judge 

and calculate what Confequences muft enfue 
from fuch a Mixture with the Blood, as it 
circulates through the Veins of a living 
Creature. 

Mr. William Cowper, examining a 

Solution of Opium with ilizMicrofcope, found 
its diffolved Particles in the Shape of fringed 
Globules : whence he concludes, that fuch 
Particles circulating in the Mafs of Blood, 

may be fo entangled in its Serum, or thicken 
it in fuch a Manner, as to retard its Velocity 
when over-violent, and render its Motion 

calm and equal; whereby all painful Senfa- 
tions 
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tions will be taken oft. And from the fame 
Principles it is eafy to account for all its 
other Effects, and perceive how too great a 
Number of fuch fringed Globules muff caufe 
a total Stagnation of the Blood, and confe- 
quently kill. Vid. PhilofTTranf. Numb. 222. 

Spirits, Oils, diffbhed Salts, Tinctures, Ef¬ 
faces, and all other chemical Preparations, 
furnifh us with numberlefs Subjects of Ex¬ 
periment ; and are certainly capable of pro¬ 
ducing the mod: fudden and amazing Ef¬ 
fects either good or bad, if injected into the 
Blood-Veffels of living Animals: the Caufes 
of which Effects may in a great Degree be 
difcovered and accounted for, by mifcrofco- 
pical Obfervations on Mixtures of them with 
the Blood when extracted from the Veins. 

A little Blood being mixed with about ' 
four Times its Quantity of * Sal Volatile 
Oleofum, and viewed through a Microfcope, 
there appeared an immediate Separation of 
the Globules. In about the eighth Part of 
a Minute fome of them were much dimi- 
nifhed, and in a Quarter of a Minute many 
of them were much diffolved, and entirely 
difappeared. Sometimes twenty Globules 
were feen near together, which foon ieffened 
to eighteen, then to fixteen, and became 
fewer and fewer, till only two or three were 
left. Whence it is probable that Sal Fo~ 

* Arcan. Nat, Tom, IV. p, 36, 
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latile Oleofum taken with the Food, and fo 
carried into the Ladteals and Blood-VefTels, 
may retain its Power of preventing fuch Co¬ 
agulations as would otherwife happen. 

The Urine, Saliva, Semen, Sweat, Faces 
Alvi, and all other Animal Juices, are like- 
wife Objects for the Microfcope, to be exa¬ 
mined either alone, or mixed with the 
aforefaid Liquors : whence much ufeful 
Knowledge may be acquired. 

As to Colour in the Blood, a Blacknefs 
arifes in it from a Deficiency of Serum, as 
Palenefs does from too great an Abundance 
of it : for it will be always found, that when 
Globules cohere together in too great Num¬ 
bers they give a black Appearance. When 
this therefore is the Cafe, Means of diluting 
fhould be found out and made ufe of; fmce 
it is abfolutely requifite to Health, that the 
Globules of the Blood fhould float in a due 
Quantity of Serum, and be thereby circulated 
freely through the minuted: Veifels ; a con¬ 
trary State to which has proved the Death of 
thoufands. — Mr. Leeuwenhoek tells us, 
that whenever he found his Blood too deep 
coloured, his Way was to drink four Difhes 
of Coffee in a Morning, in the room of his 
ufual two ; and fix Difhes of Tea in the Af¬ 
ternoon, inflead of three. He drank it as hot 
as poflible, and went on in this Manner till 
he perceived his Blood grow paler, and con- 
fequently its Globules farther feparated. 

io CHAP, 
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CHAP. IX. 

The Circulation of the Blood, 

IN order to view the Blood circulating 
through its VeJJ'els, we muft make ufe of 

fuch /mail Creatures as by their Tranfpa- 
rency permit us to look within them, and 
fee what pafles there : for, in a Man, or any 
of the large Animals, the Skin is fo opake 
that we cannot difcern even the fine Blood- 
Yefiels themfelves, and much lefs the Cur¬ 
rent that runs along them. Our Informa¬ 
tion, however, will not be greatly different $ 
for the whole Animal Creation is efiablifhed 
on one and the fame Plan, and the Circu¬ 
lations in the meaneft living Creature are 
carried on through Yefiels of a like Structure 
(in the general), and are accelerated or re¬ 
tarded by the fame Caufes, as in the nobleff. 

And, in Truth, as to the Circulations of 
the Fluids, and the Motions of the Bowels* 
the Brain, or any of the internal Parts, 
more Knowledge may be gained by infpect- 
ing InfeBs and fmall Animals with the Mi- 

crofcope} than by the mofl fkilful and curious 
Difie&ions, or anatomical Experiments on 
larger Subje&s. For the Skins of fome of 
thefe little Creatures are fo tranfparent, that 
we may fee plainly through them the Order 
and Difpofition of the Yefiels underneath * 

and 
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and the Coats of thefe Veffels are, again, of 
fuch an amazing Thinnefs and Delicacy of 
Contexture, that they are little or no Impe¬ 
diment to our View of the fecret, tho’ regu¬ 
lar, Operations of Nature, and the Laws 
Ihe adts by when tmdifturbed and quiet ” 
whereas our Diffeblions of larger Animals, 
while alive, may (hew her at work, indeed, 
but in fuch Confufion, by our breaking in 
upon her violently, that all her Motions then 
muft be in great Diforder, and confequently 
uncapable of affording any fatisfabtory Infor- 
mation as to the Circulations. 

In this Sort of Creatures too, after view¬ 
ing as long as we think fit the natural and 
regular Current of the Blood, as it is carried 
on in a State of Health; we may, by Pref- 
fare, and feveral other Ways, impede, dif- 
turb, and divert its Courfe; and may find 
Means, by various Mixtures with it, of in¬ 
ducing a morbid State 3 and at laft, by let- 
ting the Creature die before our Glafs, we 
may perceive all the Changes it undergoes, 
and what occafions the intermitting, vibra¬ 
ting, trembling Pulfe of expiring People. 

In feveral of thefe little Creatures we can 
not only fee the general Courfe of the Blood, 
but are able perfe&ly to diftinguifh the 
Figure and Circumfiances of the Globules 
whereof it is compounded, and the Altera¬ 
tions they fuffer when they pafs out of the 
larger into the more minute Veffels. For 

many 
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many of the Veftels are fo fmall, that even 
fingle Globules cannot poffibly find aPafifage 
thro’ them without being comprcfied into 
oval Shapes : and yet thefe Vefiejs are large 
in Companion of the fined: VeiTels of all, to 
pafs through which, the Globules muff be 
divided and fubdivided into their fmalleft 
and moil: minute component Globules. 

t 

It is amazing to obferve how careful 
Providence has been to prevent the Blood 
from coagulating, or cohering in Mafifes dan¬ 
gerous to Life, by the very Difpofition of 
the Vefiels it runs through : which, whether 
feparating or uniting, are fo contrived as to 
caufe the Globules to come frequently to¬ 
gether with a brifk Collifion, or finking 
againft each other. The Arteries^ for Ex¬ 
ample, which convey the Blood from the 
Heart to the Extremities of the Animal, 
and in their Progrefs continually leffen their 
Diameters, and divide into imaller Branches 
aim oft ad infinitum; in thefe Arteries, X 
fay, at every fuch Divifion, many of the 
Globules of the Blood muft rufh, with a 
Cpnfiderable Force, againft an Angle direct¬ 
ly in theipWay; whence recoiling back on 
tjiofe immediately behind, they muft ftrike 
Upon one another, and caufe a Kind of 
Commotion, ere the Current can . divide 
readily into the two fmaller Branches. See 
pig. III, Plate —Ifi the Veinss which. 



120 Of viewing the Current 

on the contrary, return back the Blood from 
the Extremities to the Heart, whofe Dia¬ 
meters enlarge as the Tide rolls along, and 
whofe fmall Branches are continually unit¬ 
ing and making larger Veffels, till at lafl all 
their Streams fall into one ; here, at every 
Conjunction of two Branches, their Cur¬ 
rents rufh againfl each other with Violence : 
by which Concuffion unnatural Cohefions 
are broken or prevented, and of this the 
Microfcope can afford us ocular Demonfir a- 
tion. Vide Fig. IV. 

CHAP. X. 
/ , 1 

Of viewing the Current and the Circu¬ 
lation of the Blood. 

BY the Current of the Bloody I mean its 
fir earning or pafiing on either from or 

towards the Hearty through any VeJJel, whe¬ 
ther it be a Vein or Artery. 

By the Circulation I would be underftood 
to intend, the Courfe or Current of it, from 
the Heart, along the Arteries, to the Extre¬ 
mities of the Body: together with its Return 
by the Veins from the Extremities back again 
towards the Heart. 

Both thefe the Microfcope can bring to 
View y but the latter is fomewhat more dif¬ 

ficult 

) 
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ficult to be allured of than the former; for 
when the VelTels before us are extremely 
fmall, it is not always eafy to diftinguilh 
which of them are Veins and which are 
Arteries. 

The larger Arteries are indeed dillinguifh- 
able by a Protrulion of the Blood at each 
Contradion of the Heart, then a Stop, and 
then a new Protrulion, which may plainly 
be feen continually fucceeding one another: 
whereas the Current paffes through the 
Veins with an equal and unintermitting 
Stream. But in the more fine and extreme 
Branches of the Arteries this Difference is 
not perceivable. 

The tranfparent Membrane between a 
Frog's hind-foot Toes is the Objed moll 
commonly employed for viewing the Current 
and Circulation of the Blood; and in this, if 
well expanded, it may be feen fairly and dif- 
tindly, both in the Veins and Arteries, in 
the Manner reprefented Plate XI. Fig. I, 

A. A. two Toes of a Frog’s hinder Foot. 
B. the thin Membrane between the Toes 

extended. 
C. C. C. the Trunks of the Arteries. 
D. D. the Trunk of a Vein. 
E. E. E. Arteries and Veins in the fine 

Membrane, with the Blood-Globules circu¬ 
lating through them. 

The 
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The Way of applying it to the Microfcope 
was defcribed Page 13, and therefore needs 
not be repeated here. 

The Tails or Fins of fmall Fifhes may 
likewife be ufed very commodioufly to this 
Purpofe, and prefent to view great Num¬ 
bers of Veins and Arteries with the Blood 
palling different Ways through them. 

It is difficult here in London to meet with 
any Fifhes alive and proper for this Infpec- 
tion, except Eels and Flounders : either of 
thefe however will ferve exceeding well; 
but the fmailer they are the better.—-Put 
your E<?/into a Glafs Tube filled with Water, 
after wiping off its Slime, which would ob- 
fcure your Glafs. Then having flopped 
both Ends, to prevent the Water’s running 
out, apply the Tail or Fin to your Micro- 
fcope, and you will fee the Circulation in a 
very agreeable Manner. If you put not 
Water in your Tube, the Sliminefs of the 
Eel will immediately foul the Glafs and 
prevent your Pleafure. 

The flat Figure of the Flounder will not 
permit us to put it into a’Tube as we do the 
Eel, or view it by every Kind of Micro- 
fcppe : but if a plain Piece of thin Glafs be 
placed over the Hole where Objedls are ap¬ 
plied to the Double Receding Microfcope, 
its Tail may be fpread advantageoufly upon 
the faid Glafs; and by fetting a Book, or 

n . fome- 

1 



and Circulation of the 'Blood. 12 j 

fomething elde of a proper Height to fupport 
the Body of the Fifh? it will lie in a very 
good Podtion for View, and the Circulation 
may be feen didindtly. 

Eels and Flounders live a long While out 
of Water, and are therefore mod; ufeful for 
this Service here at London; but in the 
Country many Sorts of other fmall Fidies 
may be found much more trandparent. 

Mr. Leeuwenhoek informs us % that 
he daw, with great Admiration, in the lit* 
mod: Extremities of a very minute Fiill’s 
Tail, how the larger Arteries were there di¬ 
vided into the mod fine or evanefcent ones; 
and that many of the dualled Veins, re¬ 
turning from the faid Extremities, met to¬ 
gether at lad in fome larger Vein. There 
appeared alfo in fome Veifels inch an Agi¬ 
tation of that Blood (which was protruded 
from the larger Arteries towards the eva¬ 
nefcent ones at the very Extremity of the 
Tail, and returned afterwards through many 
minute Veins into a large one) as hardly 
can be conceived. In the larger Arteries he 
could perceive a continual newProtfudon, or 
Acceleration of the Blood’s Gourde received 
from the Heart; but in the dual let* Arteries 
the Motion deemed equable without any 

* Arcan. Nat. Tom. IV. Epift, 65. 
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fuch repeated Propulsion: and though in the 
minuted Veffels there appeared no Colour^ 
jet in the larger Vein or Artery, though 
near the End of the Tail, the Blood was 
plainly red. 

We cannot properly call any YelTel an 
Artery farther than the Pulfation reaches $ 
beyond that, and returning towards the 
Heart, it mud: be accounted a Vein: for 
Veins are only Arteries elongated; but as 
they frequently divide into Branches that 
evade Difcpyery, it is, perhaps, impoffible 
to determine exadtly where the Arterief 
end, and where the Veins begin. 

They do not always, however, branch 
out fo extremely fine before their Inoscula¬ 
tion or Communication with the Veins* for 
the fame curious Obferver tells us, that on 
each. Side the little Gridles, which gave a 
Stiffnefs to the Tail of the Fifh abovemen- 
tioned, he could fee a very open Communi¬ 
cation of the Veins and Arteries; the Blood 
running towards the Extremities, through 
Arteries, and returning back again through 
Veins that were evidently a Continuation of 
thofe Arteries, and of the fame Diameter 
with them : And this he law in thirty-four 
different Places, in as many Arteries, and as 
many Veins, The Manner whereof, as by 
hint delineated, is fliewn, Tab. XL Fig. IL 

A. A * 
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A. A. reprefen ts two .Arteries* one of 
which runs ori each Side of a minute GriiHe* 

B. B. their open Communication with 
two Veinsj C C. 

As this whole Fifh Was hot half an Inch 
in Length> how fmall rauft the Tail thereof 
be, in which* hotwithftanding* the Circu¬ 
lation of the Blood was vifible in thirty-four 
Places, and the Current of it in fixty-eight 
Veffels! and yet thefe Veffels wrere very far 
From being the moil minute of all. How 
inconceivable then mult be the Number of 
its Circulations in an human Body I Nor 
heed we wonder to behold it Bluing forth 
at every Prick of a Pin or Needle. Upon 
confidering this, Mr. Leeuwenhoek: adds, 
that he is fully perfuaded* a thoufand differ- 
ent Circulations of the Blood are continual¬ 
ly carried round in every Part of a Man’s 
Body that is not larger than the Breadth of 
his Fore-finger Nail 

V J. f f • i * V* 

The i ail of a Newt, or JVaier-Lizard? 
applied in a Glafs Tube, after the Manner 
directed for the Eel, affords an entertaining 
Profpedt of the Circulation through Num¬ 
bers of fmall Veffels. But nothing can fhew 

it finer than an exceeding fmall Newt f of 

Leeuwen. Arcan* Nat. Tom. pa?. i6qj 
1*' Phil. Tranf, Numb. 28S. 
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this Water-Kind, which fometimes may be 
found lefs than an Inch long, and fo tranfpa- 
rent, that the Blood may be feen running in 
all Dire&ions, not only through the Veffels 
of the Tail, but throughout the whole Body: 
And it is particularly delightful, to behold, in 
the little Toes, the Stream thereof running 
to the Extremity in one Channel, and return¬ 
ing back again by another. Juft below the 
Head are on either Side three Fins, or fome- 
what like Fins, which, in fwimming, the 
Creature makes ufe of to poife and guide its 
Body : each of thefe appears by the Micro- 
fcope divided, like Polypody, into many point¬ 
ed Branches : in any one whereof, as in the 
Toes, the Blood is feen coming along an Ar¬ 
tery to the Extremity, and then immedi¬ 
ately returning towards the Heart again 

* through a Vein that lies parallel, and almoft 
clofe thereto, and with which its Commu¬ 
nication is very apparent.—As thirty or forty 
of thefe Branchings prefent themfelves be¬ 
fore 'the Eye fometimes at once, with the 
Blood diftindtly circulating in all, they afford 
a charming Sight: and they may be viewed 
by the third or fourth Magnifier for the 
Globules of the Blood in Newts are larger 
than in any other Creature I have examined, 
and are fewer in Proportion to the Serum or 
Water they float along in. To which I may 
alfo add, that the Figure of them, as they are 

% ' carried 
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carried along the Veffels, changes in a mofl 
furprizing Manner. 

In Spring-time, if a little Frogs Spawn be 
kept fome Days in a fmall Quantity of the 
Ditch-Water wherein you found it, you will 
be furnifhed with a Number of exceedingly 
fmall Fadpoles, which, when firfl they be¬ 
gin to fwim, are almoft wholly tranfparent y 
and if placed before the Microfcope, in a 
Tube proportionably fmall, with fome Water 
in it, you will eafily difcern the Heart and its 
Pulfation, together with the Blood circulat¬ 
ing in every Part of the Body; and, particu¬ 
larly, in the Tail more than fifty Veffels 
prefent themfelves at one View. 

Thefe Fadpoles become lefs clear every 
Hour, and in a Day or two their Skin grows 
fo opake that the Circulation of the Blood 
can be feen no longer, unlefs it be in the 
Tail, or better Fill in the Fins, at the join- 
ing-on of the Head. 

A fmall Mufcle taken carefully from its 
Shell, and placed before the Microfcope on 
an Iiinglafs, affords a View of many; Arteries 
and Veins, through which the Circulation 
of the Blood may be very clearly feen : and 
one great Advantage in this Object is, that 
it lies always quiet whereas moil* other 
Creatures are difficult to be kept flill long 
enough for Obfervation. The Motion of the 

K 3 Blood 
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Blood continues in it fix or fevenHours with 
little Alteration : and, by moiffening it now 
and then with fait Water, may probably be 
continued much longer, 

I can alfo affure you, from my own re¬ 
peated Experiments, that if a large Mufck 
be carefully opened, and a Piece of the thin 
trahfparent Membrane eafy to be found there¬ 
in be (hipped off with a Pair of fharp Sciffars* 
and applied to the Microfcope, the Blood will 
be feen palling through Numbers of Veins 
and Arteries $ and if the Extremity of the 
Membrane be viewed, the true Circulation, 
or the Return of the Blood from the Arte¬ 
ries through the Veins, will be (hewn in a 
delightful and fatisfadfcory Manner, and con¬ 
tinue for a long Time. There are likewife 
other trarifparent Parts of the Mufcle, where 
(he Paffage of the Blood is very difcernible : 
and as Mufcks are to Re got mod Times of 
the Year in London, the Knowledge hereof, 
\vill, I hope, oblige the curious. 

We are told by Mr. Leeuwenhoek, 

that in the fartheft Joints of the hinder Legs 
of little Grxibs he beheld the Blood circu¬ 
late through the Arteries and Veins with 
greater Rapidity than he had ever obferved it 
in any other Creatures and, moreover, that 
the red Globules thereof were twenty-five 

•jL.il ii ivi Arc. kat* Tom. IV. Ep. §4. Again, Ep. 86. 

i imes 



and Circulation of the Blood. 129 

Times fewer in Proportion to its Serum 
than in any other Land or Water-Animal he 

had ever before examined* 
At the proper Time of Tear, exceeding 

fmall Crabs may be found in great Abun¬ 

dance, under Stones and Brick-bats, on the 
Shore of the River 'Thames, when the Tide 

is out: and as many of them are no larger 
than a little Spider, it is highly probable fuch 
may be transparent in many Places of the 
Limbs and Body ; notwithflanding Mr. 
Leeuwenhoek found his, which were an 

Inch broad, opake every where but in the 

extremeil Joints of the hinder Legs. Per¬ 

haps too they may appear more tranfparent 
if they are applied to the Microfcope in a 
little Tube filled with Water, than if they 

are viewed dry : for it is obfervable, that 
many Objedts acquire a Tranfparency by be¬ 

ing wetted, in the fame Manner as Paper 
becomes clear by being rubbed With Oil. 

The Blood may be feen circulating in the 
Legs and Tails of Shrimps, efpecially if view¬ 
ed in Water; but then the Water muff 
have a little Salt put thereto, or elfe they 

will foon expire. In Shrimps the Blood is 
not red ; which has given Occaiion to call 
them, as well as many other Infects, exangues, 
or bloodlefs ; tho* in reality no living Crea¬ 
ture is without Blood; for animal Life con- 

fifts in a Circulation of fome Fluid through 

K 4 Arte- 
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Arteries and Veins ; and that Fluid* what¬ 
ever Colour it may be of, is properly to be 
accounted Blood. In Grafshoppers the Glo¬ 
bules (which may be feen palling through 
the Veffels in their Wings) are green ; and 
yet I am apt to think* Nobody that views 
them will hefitate to call them, with the 
Serum wherein they fwim. Blood. 

In the tranfparent Legs and Feet of feve- 
ral fmall Spiders, the Current of the Blood, 
may plainly be diflinguifhed both in the 
Veins and Arteries^ alfo in the Legs of very 
fmall Punices or Bugs it is remarkably vifible, 
together with an extraordinary Vibration 
of the Velfelsj which I never have obferv- 

ed in any other Creature. In thefe too, if 
clear, as they may fometimes be found, the 
wonderful Motions of all the internal Parts 
will afford an agreeable Entertainment to 
the curious, and may be examined as long 

and as often as they pleafe. For I have kept 
a Bug alive, in a Slider between two Pieces 
of Ifmglafs, at lead fix Weeks together, not- 
withflanding it was confined fo clofe as to 
be uncapable of flirting: and altho’ during 
that Time it often feemed dead and motion- 
ipfs, when I placed it before the Microfcope, 

a little Warmth would fet the Bowels at 
Work again, and renew the Current of the 

Blood as brifkly as ever* 
After 

2. 

1 
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After many Obfervations made by Mr. 

Leeuwenhoek on the Blood of Cocks, Spar¬ 
rows, Frogs, Fronts, Perch, Cod, Salmon, &cu 
he affirms, that the red Particles in the 

Blood of Birds, Fifes, and Water-Animals, 
are conflantly * flat and of an oval Figure; 
that is, they are longer than their Breadth, 
and appear as in Plate X, Fig. V, The fe- 

rous Part of the Blood in Fijhes and Aquatic 
Animals is alfo greatly more, in Proportion 
to the red Particles, than it is in Beafts or 
Men, and the Particles themfelves are larger: 
fo that, by being bigger, and fwimming far-* 

ther afunder, they may be feen much better. 
Mr. Leeuwenhoek obferved the Blood 

circulating in the filmy Wings of a Bat ■f*, 
and likewife in its Ears, and found the Glo¬ 

bules thereof perfectly round : wherefore, 
allowing his Affiertion, that in Fifhes and 
Birds they are always flat and oval, we need 

no longer hefitate how to clafs this odd 
Creature; but, notwithflanding its flying, 
fhall pronounce it to be a Beajl. 

He tells us, that Bats can fee as well by 
Day as Night: but he fuppofes the Heat 
and Drynefs of the Day-Air would fhrivel 
up the thin Membranes of their Wings, and 

confequently flop the Circulations there; 

# Arc. Nat. Tara.. I. Part II. p. ri. Again, Tom. IL 
jEpift. 128. Again, Tom. IV. Epift. 65, 

+ Arc. Nat. Tom. IV. Epift. 67. 

whereas 
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whfereas the cool Dews of the Evening ren¬ 

der them mold and pliable j which makes 
them chufe that Time to come abroad. 

F 

In viewing feveral of the Objects here 
mentioned, one fhall often obferve the Blood 

paffing through Velfels fo minute, that the 
Globules of it cannot glide along otherwife 
than fingle, and fqueezed into oblong Forms: 
yet an hundred of the red Globules of fuch 

Blood, if placed clofe to one another in a 
Row, would not equal the Length of the 
Diameter of a large Grain of Sand; and 
corifequently a Million of them exceeds not 

a Grain of Sand in Bignefs 

The Effects of Heat and Cold upon the 
Blood are wxll worth taking Notice of: for 
as Heat relaxes the Veffels, the Blood finds 

siib'fe Room to move ini its Globules float at 
greater Diftances, and it circulates more 
freely 1 whereas Cold fo contracts the Vef¬ 

fels, that the Globules are comprefi: toge¬ 
ther, and the Blood is impeded, and in fome 
Degree coagulated in the minute Capillary 
Veins arid Arteries of the extreme Parts ; as 
is evident from the Swelling and Blacknefs 

of the Hands and Feet when expofed to fe- 

vere Cold. 

Leeuwen, 

6 
An. Nat. Tom. I. Part f. p.35. 

Before 
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Before I clofe tills Chapter, I ihall briefly 
communicate iome Experiments I had the 

Pleafure of making latt Summer, with iriy 
moft ingenious and valuable Friend Dodor 
Alexander Stuart, Phyflcian to her late 

Majefly, in order to view the Circulation of 

the Blood by the Solar or Camera Obfcurd 
Micro/cope, which has the Advantage of 
magnifying Objects beyond any other Sort 
of Microfcope ; but mufl refer the Curious 

to a more full Account thereof laid by this 
Gentleman before the Royal Society, arid 

which will be published in the Philofophical 
Br anfact ions. 

I mufl: Arid defcribe a particular Apparatus, 
invented by the Doctor for examining the 

Circulation of the Blood in Frogs, Mice, 
Bats, or any Creatures of the like Size, fri 
this Contrivance the Looking-glafs, Tube, 

and convex Lens are juft the fame, and 

placed in the Hole of a Wiridotv-fhutter in 
the fame Manner, as defcribed Page 22, But 
here, inflead of uring Wilson’s littlt Pocket 
Mtcro/cope, he has got the Belly-part of a 
large Reflecting one Axed horizontally on a 

Pedeftal, at a Pleight exadly equal to the 
Tube. This Hands on a little Shelf made 
to fupport its and to the Snout thereof, 
which lies on a Level with the Tube, the 

Magnifiers are fcreived. The Qbjed, being, 

extended and fattened with Strings and Pins 

pn a Frame convenient for the Purpofe, is 

applied 
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applied between the Tube and the Magni¬ 
fier whereby the Sun’s Rays reflected from 
the Looking-glafs, through the Tube, upon 

the Objed, pafs on through the Magnifier* 
and exhibit upon the Screen an Image of the 
Objed mod: prodigioufly enlarged. This, I 
hope, may give fome Idea of our Inftrument: 
and now I come to the Application. 

Our Objed was a Frog, whofe Limbs 
being extended and fattened on the Frame, 

we opened the Skin of the Belly from near 
the Anus to the Throat; then giving it a 
little Snip fideways both at the Top and 
Bottom, by flicking a Fijh-Hook in each 
Corner of the Skin, it was eafily flretched 

out before the Microfcope, and prefented on 
the Screen a moil beautiful Pidure of the 

Veins and Arteries in the Skin, with the 
Blood circulating through them. In the 

Arteries we could plainly perceive the Blood 
flopping, and as it were receding a little, at 
each Dilation of the Heart, and then im¬ 
mediately rufhing forwards again at each 

Contradion; whilft in the Veins it rolled 
on in a continual Current with inexpreffible 
Rapidity *. 

After confidering this as long as we 
thought needful, we opened the Abdomen, 

* When the Arteries were magnified very much, byre- 
moving the Screen to a copfiderable Diftance, the alternate 
Expanfion and Contraction of their Sides were very vifible 
and remarkable. 
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and extending the Mufcles before the Micro- 

fcope, by the fame Means as we had done the 
Skin, we had the Pleafure of viewing their 
Structure, which we found to conflft of 
Bundles of tranfparent Strings or Fibres, 

lying parallel to one another, and joined 
together by a common Membrane. Thefe 
Strings or Fibres appeared through their 

whole Length made up of minute roundifh 
Veiicles, or, in other Words, feemed like 

Rufhes divided the long Way. We could 

not be certain of any Circulation through 
the Mufcles, though fometimes we imagined 
we faw a very flow Motion of fome trans¬ 

parent Fluid : but the Objedt growing dry 
and rigid, obliged us to leave that Enquiry 
to a farther examination. 

We then proceeded to our lafl: Experi¬ 
ment, which was to draw out gently a Part 
of the Frog s Gut, in order to apply the Me- 
fentery to the Micr of cope: and herein we 
fucceeded fo happily, that I believe the Cir¬ 

culation of the Blood was never before feen 
in fo diftindl and fine a Manner. No Words 
can dpfcribe the wonderful Scene that was 

prefented before our Eyes ! We beheld the 

Blood pafling through numberlefs Veflels at 
one and the fame Inftant, in fome one Way, 
in others the quite contrary. Several of the 

Veflels were magnified to above an Inch in 
Diameter, and the Globules of the Blood 

rolling through them feemed near as large as 

Pepper- 
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Pepper-Corns; whilfl in many of the mi- 
nutefl VefTels only fingle Globules were able 
to find a PafTage, and that too not without 
changing their Figure into that of oblong 
Spheroids. We faw here, likewife, much 
better than we had, done before, the Pulfa- 
tion and Acceleration of the Blood in the 
Arteries, in the Manner before deferibed, 
and could clearly diflinguifh two or three 
VefTels lying over one another, with Cur¬ 
rents running different Ways. In ihort, it 
appeared like a beauteous Landscape, where 
Rivers, S treams, and Rills of Running Water 
are every where difperfed. 

During this Examination, we took notice 
of a Veifel extremely minute, iffuing from 
the Side of a larger, and turning backwards 
from it in a curve Line. We perceived, afe 
unequal Intervals, fometimes one, fometimes 
two, and fometimes three colourlefs Glo¬ 
bules dropt or fqueezed out of the larger 
VefTels into this minute one, and gliding 
through it fingly and very flowly which 
made the Doctor imagine it might be a fe- 
cretory Duff. We obferved, likewife, that 
as the Animal grew languid and near ex¬ 
piring, the Blood in the Arteries would flop 
on a fudden, Teem as it were coagulating, 
and then run backwards for fome Time; 
after which it would again recover jts na¬ 
tural Courfe with a great deal of Rapidity. 
—A due Confideration of thefe Appearances 

might 
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might pofiibly account for the Intermiffions* 
Starts, and Irregularities in the Pulfe of Per- 
fons near the Point of Death. 

CHAP. XI. 

*The Pulfation of the Heart. 

THIS wonderful Phenomenon may be 
feen diftinCtly in feveral fmall Infers, 

fome whereof I fhall here mention, with 
ihort Directions how to find it. 

Divide a Bee *, particularly an Humble- 
Bee, near the Neck 5 and its Heart, which 
is a white pulling Particle, may be feen 
beating briikly. 

The Head of the Harfe-Ply •f' being cut 
off, juft at the fetting-on of the Neck, a little 
Particle (which is the Heart) will appear 
with a Pulfation dn it for half an Hour. 

The Grafs hopper J has a green Film or 
Plate over its Neck and Shoulders, which 
being raifed with a Pin, its Heart may be 
feen beating very orderly for a long While 
together. 

Cut off the Head of that little dying Bee^ 
tie, known to every Child by the Name of 
Lady-Bird j|, or Cow-Lady: ereCt it per- 

* Dr. Powers Micro/cop. Obferwat. p. 4. f Ibid. p. 7. 
J Ibid. p. 24. g Ibid. p. 30, 

pendicularly. 
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pendicularly, and you will fee two fmall 
black Eyes, * each fet between three white 
Plates like polifhed ivory* on one Side two 
fmall ones, and a large one on the other* 
Pull off both the cruftaceous and rhlmy 

Wings which cover a" tender black Skin, 
and removing that Skin, the Pulfation of the 
Heart may be feen beating vigoroufly for 
twelve or fourteen Hours. . 

The Heart of a Snail * is to be found ex¬ 
actly againft the round Hole near its Neck, 
of a white Colour, and may be feen beating 
a .Quarter of an Hour after Diffedtion -f*. 

It may alfo be feen in a Loufe, as I Sail 
(hew when I come to defcribe that Creature; 
and I make no doubt the curious and dili¬ 
gent Enquirer will be able to difcover it in 
Multitudes of other little Animals. 

The perijlaltic Motion of the Stomach and 
Bowels may be feen very difHndtly in Lice, 
Gnats, Flies, &c. and a Multitude of other 
Xnfedts. 

* Power’s Microfcop, Qlfer'vat. p. 36. 
f Swammerd, Fiji, Generate des Infedies, p. JJ* 

\ 
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CHAP. XII. 

O f the mufcular or flefhy Fibres g^AninSals. 

TH E flejhy Fibres of the Mufcks (ac¬ 
cording to the Obfervations of Mon- 

fieur Muys) are compofed of other fmaller 
Fibres or Fibrils, the Size of a flender Hair; 
five or fix hundred of which Fibrils go to 
the making up of one flejhy Fibre, whofe 
Diameter is no more than the twenty-fourth 
Part of an Inch. Each of thefe Fibrils is 
again compofed of more than three hundred 
fmall tranfparent Fubulf fo extremely {len¬ 
der, that were one of thofe Blood-Globules 
(which Mr. Leeuwenhoek fuppofes but 
the millionth Part of a Grain of Sand) di¬ 
vided into twenty-four Parts, even thefe 
minute Parts could hardly enter and pafs 
through fuch exceedingly fnihll Tubes. And 
yet, that they do enter and pafs through 
them, is evident by the Rednefs of the Flefh 
of Animals.. We mu ft therefore infer, that 
the Fubuli forming a Fibril are really hol¬ 
low ; that the Extremities of the Arteries 
open into them, and empty there a Part of 
their Liquor, which is carried back again by 
the Veins to the Heart; and that the Glo¬ 
bules of the Blood are, for this Purpofe, 
divided into Parts inconceivably fmall 

*.Vi.d« Philofoph. TranfaSI, Numb. 339* 
Vo l . I. L Mr, 
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Mr. Leeuwenhoek fays, each Mufcular 
Fibre is compofed of many fmaller Filaments 
or Fibrils ; which, however minute, he could 
plainly diftinguifh to be vafcular : for, if he 
cut acrofs their Length, the Light appeared 
through the Mouths of the Velfels; but if 
he cut them ever fo little obliquely, no Light 
was to be feen He found alfo, that each 
Fibril is inverted with a -f* minute Mem¬ 
brane, which is only a Congeries of Blood- 
Veffels, conveying Juices and Nourifhment 
thereto, though their Finenefs renders them 
Invifible. It is -not, however, to be imagin¬ 
ed, that each Fibril has its peculiar Mem¬ 
brane : but that all the Membranes together 
are like a Net finely fpread, with a Fibril 
iffuing through each of its Mefhes. 

This Structure of the Fibres he obferved 
in the Flerti of an Ox and of a Whale; but 
more plainly in that of a Whale, the Beef- 
Fibres lying more compact and clofe. He 
alfo found that the Fibres of a Moufe were 
of the fame Thicknefs as thofe of an Ox, 
though thirty thoufand Mice are not equal 
to one Ox in Bignefs : whence he con¬ 
cludes, that the different Size of Animals is 
entirely owing to the greater or lefs Number 
and Length of the Fibres 

# Pbilofopb. 'Tranf. Numb, 367, 
■f Gorter. Medic. Comp end. p. 58, 59. Leeu.w. Are* 

Nat, Tom. III. p. 58. % Ibid. p. 61 • 
Thefe 
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Thefe flejhy Fibres appear, through their 
whole Length, encompafied with circular 
Wrinkles. If a Thread were twifted about 
a fine Needle in a Screw-like Form, with 
fpiral Circumvolutions, fo that each Thread 
be diftant from another the Diameter of the 
Needle, it would naturally reprefent the 
Manner of thefe circular Twiftings. And 
this Difpofition is wonderfully contrived for 
the ready Difienfon or Contraction of the 
Fibres : for as a Cord will be diftended or 
contracted quicker or fower in Proportion 
to its Length, the fame mufi: alfo be the 
Cafe in Animal Fibres; and, therefore, 011 
thefe Principles we may calculate how much 
more nimbly the Leg of a Moufe can move 
than the Leg of an Ox. 

The Method of viewing the Mufcular 
Fibres is, to cut carefully, and with a very 
fharp Razor or Penknife, a Slice of dried 
Flefh or Fifih, as thin as poflible. Lay it 
on a Piece of Glafs, and moifien it with 
warm Water; which drying foon away, will 
leave the Vefiels open and diftinguifhable* 
—It is obfervable, that the Fibres of Fifh 
are larger than thofe of Fleih. 

That the Mufcular Fibres are vafcular, or 
made up of little hollow Vefiels, is fuppofed 
by Malpighius, Borelli, Gorter, our 
©wn Countryman Mr. Hooke, wfto fays, 

b 2 they 
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they appeared to him, like Strings of Pearls % 
and, very lately, by Dr. Alex. Stuart, 
in his learned and ingenious Treatife de Ma¬ 
in Mufculorum j where, from fuch a. Struc¬ 
ture, and by the Influx of the nervous Fluid, 
he accounts, very reafonably, for the elaflic 
Force, the Contraction, the Difienfion, and 
all the Actions of the Mufcles *. But as 
thefe Gentlemen differ fomewhat in the Fi¬ 
gure of the little Veficles fuppofed to make 
up the mufcular Fibres, the Curious will do 
Well to examine, with the Microfcope, into 
this Matter, as carefully as poflible • and 
that by contriving all the Ways they can 
think of to view' the Fibres in living Ani¬ 
mals. For, whatever Form the VeiTels may 
have when replete with a nervous or other 
Fluid, I am afraid, when the Fibres have 
been dried, or the Veffels collapfe together 
by not being fupplied with fuch Fluid, the 
true Form and Structure of them can never 
be fully known* 

Our Obfervations, it is probable, may be 

made with mofl Succefs on Infe&s; their 
flefhy Fibres, as Mr. Leeuwenhoek tells 

us, being no lefs vifible than thofe of larger 
Creatures : which he found by cutting off 
and examining the flefhy Parts of the Legs 
©f Flies, Gnats, Ants *f, &c. in all which he 

* Vid> Gortejl de Fabrka & Moiu Mufculpr. Stuart 
d'g Mot a Mufc. p. 49. f Arc, Nat, Tom. III. p* 108. 

V ' could 
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could plainlydiiHnguifh the circular Wrinkles 
or Circumvolutions encompafilng the Fibres, 
as they are pictured Plate XL Fig. III. 

C H A P. ■ .XIII. 

Of BoffEs. 

UPON examining of Bones with a MB 
crofcope, their fuperficial Part is found 

to confid of a great many fmall Veffels, and 
fome few of a larger Size: which lad, when 
they come to the Surface of the Bone, ap¬ 
pear invefled with, either a Membrane or 
bony Subdance perfe&ly tranfparent. The 
Infide of the Bone has a fpongy or cellular 
Subdance, confiding of long Particles clofe- 
ly united, which are compofed of number- 
lefs fmall Veffels, fome running lengthways, 
and others taking their Courle towards the 
Sides of the bony Particles, which, not- 
with dan ding their great Number of Aper¬ 
tures, are extremely hard, and lie fome par¬ 
allel, and others perpendicular, to the Length 
of the Bone. 

Mr. Leeuwenhoek difcovered, once, in 

a fmall Bit of a Shin-Bone, four or five Vef¬ 
fels, with Apertures large enough for a Silk 
to pais through $ each whereof feerned fur- 
niihed with a Valve, difpofed in .filch a Man- 

L 3 ner 
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ner as to let out what was contained in the 
VefTel, but differ Nothing to return into it*. 

It may poffibly be conceived by fome, 
44 fays Dr. Grew, that the Bones, at lead 
** fotne of them, are hard at the drd : as 

Saits and other cryftallizing Bodies are as 
te hard upon the very firfh Infcant of their 

Shooting, as they are when grown into 
4t large Cry dials. But it is fo far evident 
*e that all the Bones are foft at the fird, that 

I am of Opinion, they are originally a 
44 Congeries of as true Fibres or fibrous Vef- 
,ciels as any other in the Body; which by 
44 Degrees harden into Bones, in like Man- 
ct ner as the in mod: Veffeis of a Plant do in 
** Time harden into Wood, And as in a 
** Plant there are fucceffive Additions of 
ts Rings or Tubes of Wood, made out of 
*s Veffels ; fo in an Animal, it feems plain 
44 that there are Additions fucceffively made 

to the Bones out of the fibrous Parts of the 
Mufcles j efpecially thofe whited: Fibres 

4( which run tranfverfely, and make the Sta- 
men or Warp of every Mufcle. So that, 

€t as in the Bark of a Plant, Part of the Vef- 
fels are fucceffively derived outward to the 

44 Rind, and Part inward to the Sap, which 
44 afterwards becomes hard Wood; fo, in the 
44 Fleffi of an Animal, Part of the white 
44 tranfverfe Fibres are fucceffively derived 

* Pbilo/ophy tfranf' Numb. 366. 

" to 
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to the Skin (of which it chiefly coiflifts), 
“ and Part of them inwardly, making ftili 
<< new Periofleums one after another, as the 
C( old ones become fo many Additions to 
“ the Bones 

Whoever would examine the Bones3 muft 
fhave off, with a fharp Pen-knife, very thin 
Pieces, lengthways, crofs ways, and obliquely, 
and that from the Iniide, Outflde, and Mid¬ 
dle of the Bone. Apply to the Microfcope 
fome of thefe Shavings dry, and others moi- 
ffened with warm Water, and thus the"Vef~ 
fels will be feen in all Directions. But the 
belt Way of (hewing the bony Structure is? 
by putting the Bones in a very clear Fire 
till they are red-hot; then taking them out 
carefully, you will find the bony Cells, tho* 
tender, perfeCt and entire : And being now 
quite empty, they may be viewed with great 
Eafe and Pleafure. 

  * t • ri-n '■ "" '■ 1 

C H A P. XIV* 

Of the Nerve s» ' ^ 

MR. Leeuwenhoek endeavoured to 

difcover, by his Microfcope, the Struc¬ 
ture of the Nerves, in the Spinal Marrow 

* Crew’s Rarities of Grejbam College, p> 
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of an Oxj and faw, with great Delight, that 
> minute hollow Veffels, of an unconceivable 
Finenefs, inveffed with their proper Mem¬ 
branes, and running out in Lengths parallel 
to one another, make up their Compofition. 
And though fome hundreds of thefe Veifels 
go to the Formation of the leaft Nerve that 
can poilibly be examined, he did not only 
difcern the Cavities of them, which he com¬ 
puted to be three Times lefs than their Dia¬ 
meters, but, in fome, perceived the Orifices 
as plainly as the Holes in a pricked Paper 
are to he feen when looked at againft the 
Sun. It requires, however, great Dexterity 
and Expedition to make this Examination 
with Succefs ; for after a thin Slice of the 
Spinal Marrow is placed before the Micro - 
ftcope, in lefs than a Minute’s Time it be¬ 
comes dry, and the whole Appearance va^ 
nifhes *. 

The fame ingenious Enquirer into Nature 
examined like wife the Brain of feveral Crea¬ 
tures, fbch as an- Indian Hen, a Sheep> an 
Ox, a Sparrow, &c. and could there diftin- 
guifh Multitudes of Veifels, fo extremely 
fmall, that if a •f* Globule of the Blood (a 
Million whereof exceed not a Grain oi 
Sand in Bignefs) were divided into five hun- 

-dred Parts, thofe Parts would be too large 

* Arc. Nat. Tom. Ilf. p. 3IQ. 355. 440. 
f Ibid. Ton*.. I, Part. I. p. 30,. 

■ - ' to 
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to pafs into fuch VeiTels. He obferved far¬ 
ther that the Veffels in the Brain of a 
Sparrow are not fmaller than in an Ox; and 
argues from thence, that there really is no 
other Difference between the Brain of a large 
Animal and that of a fmall one, but only a 
greater or fmaller Number of Veffels $ and 
that the Globules of the Fluid palling thro* 
them are in both of the fame Size. 

Though it does not diredtly relate to Mi- 
crofcopes, I hope I may be excufed for taking 
Notice here, that in the Year 1711, Dodtor 
Alexander Stuart -f made a Difcovery, 
that the Nerves are not elaflic, contrary to 
the Opinion of all preceding Authors; and 
proved it by the following Experiment : 
“ Laying a Piece of Twine, about four 
“ Inches in Length, parallel to the Nerve, 
“ Artery, and Vein of thelnfide of the Thigh 
tx in an human Subjedt, and tying thefe to- 
<c gether, above and below, as foon as they 

were cut out of the Body, and laid on a 
£C Board; the Artery and Vein were feen to 
‘£ contract equally, to the Lofs of a quarter 
<c Part of the Length they had in the Body 

before Excifion 3 but the Nerve continued 
fC of the fame Length with the Twine, as 

in the Body.” 

- * Arc. Nat. Tom. I. Part. I. p. 38. 

f >v id. Stuart’s Lectures on Mu/cular Motion, in the Yeap 

3?38>P’3- 

7 CHAP. 
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CHAP. XV. 

Of the Generation of Animals and 
Vegetables, ** 

"T^^uivocalorfpantaneous Generation, that is, 
a Production of Plants without Seeds, 

and of living Creatures without any other 
Parents but Accident and Putrefa&ion, how¬ 
ever abfurd it may feem to us, was an Opi¬ 
nion that prevailed almoft univerfally; till 
Microfcopes overturned it, by demonflrating 
that all Plants have their Seeds, and all Ani¬ 
mals their Eggs: whence other Plants and 
Other Animals, exactly of the fame Species, 
are perpetually and unalterably produced. 

Nothing feems now more contrary to 
Reafon, than that Chance and Najlinefs 
fhould give a Being to Uniformity, Regu¬ 
larity, and Beauty : that two fuch unlikely 
Principles fhould produce, in different Places, 
Millions of Vegetables of the fame Kinds, 
and alike exactly, even in the mod minute 
Particularities: or, what is yet more amazing, 
that dead corrupting Matter, and blind un¬ 
certain Chance, fhould create living Animals, 
fabricate a Brain, conftitute Nerves iffuing 
from it, compofe a Contrail: of Mufcles, fur- 
nifh out Eyes, Lungs, a Heart, a Stomach, 
Bowels, and all other Parts ufeful to fuch 
Creatures $ and that too not after an aukward, 

flovenly^ 
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Eovenly, variable, undefigning, and unfi- 
nifhed Manner $ but with a Contrivance, 
Dexterity, Elegance, Perfection, and Con- 
ftancy, beyond the utmoft Power of Art to 
imitate. This, however, was the Opinion, 
not only of the Ignorant and Illiterate, but 
of the moil learned grave Philofophers of pre¬ 
ceding Ages; and would probably ffcill have 
been taught and believed, had not Micro- 

fcopes difeovered the Manner how all thefe 
Things are generated, and reftored to God 

the Glory of his own amazing Works 

The Eye, affifted by a good Microfcope, 
can diftinguifh plainly, in the Semen Mafcu- 
linum of Animals, Myriads of Animalcules 
^live and vigorous ; though fo exceedingly 
minute, that it is computed three thoufand 
millions of them are not equal to a Grain of 
Sand, whofe Diameter is but the one hun¬ 
dredth Part of an Inch-f*. And the fame 
Inftrument will inform us, beyond all Doubt, 
that the Farince of Vegetables are nothing 
elfe but a Congeries of minute Granulat 
whofe Shapes are conftant and uniform as 
the Plants they are taken from. And as the 

* I would as foon fay, that Rocks and Woods engender 
Stags and Elephants, as affirm, that a Piece of Cheefe gene¬ 
rates Mites. 'Stags are born and live in Woods, and Mites in 
Cheefe ; but they both owe their Being to that of other Ani¬ 
mals. Sped, de la Nat. Eng. Edit. i2mo. Vol, II, p. II. 

f Vid. Keil’s Anat. 5th Edit. p. 516. 

a Seeds 
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Seeds of Plants are proved, by repeated Ex¬ 
periments, to be unprolific, if the Farinas 
be not permitted to fhed, it has been fup- 
pofed, that all its Granula contain feminal 
Plants of their own Kind. 

The Growth of Animals and Vegetables 
feems to be nothing elfe but a gradual Un¬ 
folding and Expanfion of their Veffels, by a 
flow and progreffive Inlinuation of Fluids 
adapted to their Diameters; until, being 
Jfretched to the utmoft Bounds appointed 
them by Providence at their Formation, they 
attain their State of Perfection, or, in other 
Words, arrive at their full Growth. 

It is thought probable, according to this 
Theory, that in Animals (of the larger and 
more perfedt Kind at lead) the Semen of the 
Male being received into the Matrix of the 
Female, forne of the Animalcules it contains 
in fuch Abundance find an Entrance into 
the Ovaria, and lodge them Selves in fome 
of the Ova placed there by Providence as a 
proper Nidus for them. 

An Ovum becoming thus inhabited by an 
Animalcule, gets loofened in due Time from 
its- Ovariumy and pafl.es into the. Matrix 
through one of the Fallopian Tubes. The 
Veins and Arteries that fattened it to the 
Ovary, and were broken when it dropped 
from thence, unite with the Veffels it finds 
here, and compofe the Placenta. The Coats 
of the Ovums being fwelled and dilated by 
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the Juices of the Matrix, form the other 
Integuments needful to the Prefervation of 
the little Animal; which receiving continu¬ 
ally a kindly Nourifhment from the fame 
Juices, gradually ftretches and enlarges its 
Dimenfions, becoming then quickly vifibie 
with all the Parts peculiar to its Species, 
and is called a Foetus. 

In Plants, which are uncapable of re¬ 
moving from Place to Place as Animals can, 
it was requlftte a Repofitory for their Fari¬ 
na fhould be near at hand, to prevent its 
being loft: and accordingly we find, that 
every Flowrer producing a Farina has like- 
wife in itfelf a proper Uterus for the Recep¬ 
tion of it: where the Ova thereby impreg¬ 
nated are expanded by the Juices of the 
Parent Plant to a certain Form and Bulk'; 
and then becoming what we call ripe Seeds, 
they fall to the Earth, which is the natural 
Matrix for them. 

According to the above Suppoiition, a ripe 
Seed falling to the Earth is in the Condition 
of the Ovum of an Animal getting loofe 
from its Ovary, ’and falling into the Uterus : 
and, to go on with the Analogy, the Juices 
of the Earth fwell and expand the Veffels 
of the Seed, as the Juices of the Uterus do 
thofe of the Ovum, till the feminal Leaves 
unfold, and perform the Office of a Placenta 
to the Infant-included Plant; which im¬ 
bibing fuitable and fuftieient Moifture,.gra¬ 

dually 
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dually extends its Parts, fixes its own Root, 
fhoots above the Ground, and may be faid 
to be born. 

As Difcoveries made by the Microfcope, of 
infinite Numbers of Animalcules in the Semen 
Mafculinum of all living Creatures, and like- 
wife of a Regularity and Conftancy in the 
Farina of each Species of Vegetables, ana¬ 
logous to the faid Animalcules in the Animal 
Semen, have been the principal Means of 
convincing us that all Things are produced 
by Parents of their own Kind, according to 
the eternal and unalterable Laws eftablifhed 
at their firft Creation; I hope this fhort 
Account of Generation, before my entering 
upon thofe Subje&s, will not be judged im¬ 
proper. 

•—<-■——-:— ----— 

CHAP. XVI. 

Of the Animalcules in Sbmine - 

Masculino. 

AT the Beginning of the Year 1678, 
Mr. Nicholas Hartsoeker of 

'Rotterdam declared, in a Treatife of Diop¬ 
trics by him then publifhed, that it was 
twenty Years fince he -firft began to examine 
the Semen Mafculinum of feverai living Crea¬ 
tures by the Help of Microfcopes; that, as 

far 
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far as he knew* he was the firfi Perfon who 
had ever done fo; that he had found in fuch 
Semen infinite Numbers of Animalcules, moll 
exceedingly minute, almoil in the Shape of 
Tadpoles or young Frogs; and that he had 
made this Difcovery known to the World 
in the 30th of the Epbemerides Eruditorum? 
printed at Paris in the fame Year 1678. 

Mr. Leeuwenhoek, in the 113th of 
his Bpifiles (dated January 1678) is very 
angry at this Claim; and afferts, that he 
hiinfelf firfi difcovered the Animalcules in 
Semine; and fent Account thereof to the 
Royal Society in November 1677, as he 
proves by the Pbilofophical Tranfadlions, pub- 
lilhed in December i6yy, and in January 
and February 1678. Nay, he farther affirms, 
that Letters had paired between him and 
Mr. Oldenburg on this Subjed in 1674* 
This Difpute concerns us no farther than as 
it Ihews about what Time the Bxiflence of 
thefe Animalcules was firfi difcovered, which 
fome of my curious Readers may perhaps be 
inquifitive to know. 

The general Appearance or Figure of the 
Animalcules in the Semen Mafcalinum 6f dif¬ 
ferent Kinds of living Creatures is very much 
the fame : that is, the Bodies of them aH 
feem of an oblong oval Form, with long ta¬ 
pering flender Tails ifiiung therefrom > and 
as by this Shape they fomewhat refemhle 

!"Tadpoles* 
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\'Tadpoles, they have frequently been called by 
that Name; though the Tails of them, in 
Proportion to their Bodies, are much longer 
than the Tails of tadpoles are : and it is ob- 
fervable, that the Animalcules in the Semen 
of Filhes have Tails much longer and den- 
derer than the Tails of thofe in other Ani¬ 
mals, infomuch that the Extremity of them 
is not to be difcerned without the bed Glaffes 
and the utmod Attention: their Bodies are 
alfo much fmaller. 

The general Appearance of them, as above 
.defcribed, is fhewn Plate XII. Fig. I. 

In the Spring-Seafon, at the Time that 
Frogs engender, upon opening the Teflicles 
of a Male, and applying fome of thtfefitiml 
Matter before the Microfcope, Multitudes 
of Animalcules appeared therein, about * * one 
thoufandth Part of the Thicknefs of the Hair 
of a Man’s Head, as nearly as could be com¬ 
puted : whence it follows, that a thoufand 
Millions of them would be but equal to a 
Globe whofe Diameter is the Thicknefs of 
the Hair of a Man’s Head. And there feem- 
ed to be ten thoufand of them at lead for 

> each one of the female Ova. 
The Shape of them is given in the fame 

Plate, Fig. II. 

* Leeuwin. Arcan. Nat. Tom. I. Parti, p. 5 1. 

• Upon 

/ 
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Upon viewing the Milt or Semen Mafcu\ 
Unum of a living Cod-fifh with a Microjcope, 
fuch Numbers of Animalcules with long 
Tails were found therein, that at leaf! ten 
thoufand of them were fuppofed to exift in 
the Quantity of a Grain of Sand. Whence 
Mr. Leeuwenhoek argues, that the Milt 
of that fingle Cod-fifh contained more living 
Anhnalcules than there are People alive upon 
the Face of the whole Earth at one and the 
fame Time : for he computes *, that one 
hundred Grains of Sand make the Diameter 
of an Inch ; wherefore in a cubic Inch there 
will be a million of fuch Sands. And as he 
found the Milt of the Cod-fifh to be about 
fifteen cubic Inches, it muft contain fifteen 
millions of Quantities as big as a Grain of 
Sand. Now if each of thefe Quantities con¬ 
tain ten thoufand Animalcules, there muff 
be in theWhole one hundred and fifty thou¬ 
fand millions. 

Then, to find out, in a probable Manner, 
the Number of People living upon the whole 
Earth at one Time; he reckons, that in a 
great Circle there are five thoufand four hun¬ 
dred Dutch fquare Miles 5 whence he cal¬ 
culates the Surface of the Earth to contain 
nine millions two hundred feventy-fix thou- 

* Arc. Nat. Tom. I. Par. II. p, 9, 

Voe. I» M fand 
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fand two hundred and eighteen fuch fquare 
Miles : and fuppofmg one Third of the 
Whole, or three millions ninety-two thou- 
fand and feventy-two Miles, to be dry Land^ 
and of this, two thirds, or two millions 
fixty-one thoufand three hundred and 
eighty-two Miles, to be inhabited: and fup- 
pofing farther, that Holland and Wefl-Frief- 
land are twenty-two Miles long and feven 
broad, which make one hundred and fifty- 
four fquare Miles 3 the habitable Part of the 
World is thirteeen thoufand three hundred 
and eighty-fiveTimes the Bignefs of Holland 
and Weft-Friejland. 

Now, if the People in thefe two Provinces 
be fuppofed a million, and if all the other 
inhabited Parts of the World were as po¬ 
pulous as thefe (which is highly improba¬ 
ble), there would be thirteen thoufand three 
hundred and eighty-five millions of People 
on the Face of the whole Earth : but the 
Milt of this Cod-fifh contained one hundred 
and fifty thoufand millions of Animalcules, 
which is ten Times more than the Number 
of all Mankind. 

/ 

The Number of thefe Animalcules may be 
computed another Way: for the ingenious 
Author of Spectacle de la Nature fays *, that 

* Vide Speft. de la Nat. Eng, i2sno. Edit. Vol.I. p. 231. 

three 
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three curious People counted, with all the 
Care they were able, as many of the Eggs 
or Row of a female Cod-fifh as weighed a 
Dram, and agreed pretty well in the Num¬ 
ber, which they wrote down. They then 
weighed the whole Mafs; and fetting down 
eight Times the Sum of one Dram for every 
Ounce, which contains eight Drams, all 
the Sums together produced a Total of nine 
millions three hundred and thirty-four thou- 
fand Eggs *. 

Now fuppofing (as Mr. Leeuwenhoek 

does of the Semen Mafcuiinum of Frogs) that 
there are ten thoufand Animalcules in the 
Milt for each one of the Female Ova in the 
Row, it will follow, that fince the Female 
Row is found to have nine Millions three 
hundred thirty-four thoufand Eggs, the 
whole Milt of the Male may be reckoned to 
contain ninety-three thoufand four hundred 
and forty millions of Animacules: which, 
though greatly fliort of the drib Calculation, 
is almofl feven Times as many as the whole 
human Species. 

To find the comparative Size of thefe 
Animalcules, Mr. Leeuwenhoek placed a 

* Four Millions and ninety-fix thoufand Eggs were com¬ 
puted in the Roe of a Crab., each of which received itsNou- 
rifhment by a Rope from the Crab's Body, Vide Arc. Nat. 
Tom. I. Par. II. p. 240. 

M 2 Hair 
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Hair * of his Head near them, which Hair 
through his Microfcofe appeared an Inch in 
Breadth; and he was fatisfied that at lead 
fixty fuch Animalcules could eaiily lie within 
that Diameter : whence, their Bodies being 
fpherical, it muft follow,, that two hundred 
and fixteen thoufand of them are but equal 
to a Globe whofe Diameter is no more than 
the Breadth of fuch an Hair. 

He obferved, that when the Water 
wherewith he had diluted the Semen of a 
Cod-hfh was exhaled, the little Bodies of 
the Animalcules burft in Pieces, which did 
not happen to thofe in the Semen of a Ram; 
which he imputes to the greater Firmnefs 
and Confiftency of the latter, as the Flefh of 
a Land-Animal is more compad than that 
of a Fifh. He like wife takes Notice, that 
the Tails of thofe in Fillies are fo extremely 
Render, that he could never be certain of 
his feeing the very Tips or Extremities of 
them. 

In the Milt of a jack at lead h ten 
thoufand Animalcules were diicernible in a 
Quantity not bigger than a Gram or Sand, 
exactly in Appearance like thofe of the Cod- 
fhh; and upon putting % four Times as 
much Water to it, they were perceived to 
become drooger and briiker, and 'to fwim 

# Phil. Travf Numb. 270. f Arc, Nat. Tom. I. 
Par, IL p. 2. % PhiU P'ranJ Numb. 270. 

as 

j 1 
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as if in Purfuit of Prey, with greater Velo¬ 
city ; though (being viewed in a capillary 
Tube) their whole Courfe was no longer 
than the Diameter of a Hair. 

If you would view the Animalcules in the 
Milt or foft Row of Filhes, fqueeze out a 
little of it, and putting the Quantity of a 
Pin’s Head upon a tingle Itinglafs, dilute it 
with Rain or River Water, till the little Crea¬ 
tures have futiicient Room to fwim about 
freely, and fhew themfelv.es to Advantage; 
which tfiey can by no means do mllefs it 
be made very thin. Or, after you have 
mixed fome Water with it, apply it to the 
Micro/cope in one of your fmallefl capillary 
Tubes; which Way Mr. Leeuwenhoek 

informs us he found the oioft ufeful for the 
Examination of the Semen of different Crea¬ 
tures. [N. B. * The Eggs in the Row, and 
Animalcules in the Milt, of Fillies of one 
Year old, are as large as in thole: of the fame 
Species of twenty Years old.] 

Upon opening the Seminal Vejfels of a 
Cock, fqueezing out a frnall Drop of the Se¬ 
men, and viewing it with a Microfcope, Le¬ 
gions of Animalcules appeared therein, Swim¬ 
ming in Crowds together, and crofting one 

* 4rc. Nat, Tom. III. p. 188. 

M3 another 
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another with as much Briiknefs and Vigour 
as if the Cock had been but newly dead, tho’ 
it was killed the Day before : and by feve- 
ral Trials on the Semen of other Cocks, it 
has been found, that the Animalcules therein 
will live many Hours in a capillary Glafs 
Tube. To a flight Obferver they feem in 
the Form of Eels ; but if the greatefl Mag¬ 
nifiers'be ufed with due Attention, they will 
be foud fhaped as Fig. III. Plate XII.— 
Their Size is fo extremely minute, that a 
* million of them are fuppofed not to ex¬ 
ceed the Bignefs of a Grain of Sand and 
their Tails cannot be difcerned without much 
Difficulty, being ten thoufand Times more 
flender than the Hair of a Man’s Hand. 

A little of the Seminal Matter taken from 
the Teilicle of a Dog abounded with Ani¬ 
malcules i~, a million whereof would hardly 
equal a large Grain of Sand : and after fome 
of this Matter had been kept Seven Days in 
a Glafs Tube, feveral of the Animalcules re¬ 
mained alive and vigorous. [Their Form is 
flhewn Fig. IV.]—The ^Teflicles of a Hare, 
though four Days dead, were alfo exceed- 
Ingly full of Animalcules like thofe in Dogs, 
fwimming in a clear Liquor, but without 
Motion. 

* Arc. Nat. Tom. II. Par. II. p. 369. 
f Arc. Nat. Tom. I. Par. II. p. i<5o. 

Killing 
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Killing a Female Rabbet immediately af¬ 
ter the Coitus, and opening the Uterus there¬ 
of, innumerable Animalcules were found in 
a fmall Drop, taken from the Mouth of the 
Fallopian "Tube, where it opens into the Ma¬ 
trix : but none were difcerned in the Uterus 
itfelf, or farther along the Tube. They had 
long Tails, and for the mod: Part * fix 
tranfparent Globules appeared on the Body 
of each, as in Fig. V. i. though fome had 
only one Globule at the End of the Body, 
and another in the Tail, as Fig. V. 2. 

Examining a Drop of Semen taken from 
the Tefticles of a Ram, it abounded with 
Animalcules in as great Numbers as the fe- 
minal Matter of other Creatures; but with 
this extraordinary Singularity, that Mul¬ 
titudes of them fwam the fame Way to¬ 

gether. 

* Arc. Nat. Tom. I. Par. II. p. 160. 
f Mr. Leeuwenhoek opened the Uterus of an Ewe, 

which about feventeen Days before had been coupled with 
a Ram, and in one of the Cornea obferved a little reddijh 
fiejhy Subjiance, wherein no Shape could be diftinguilhed. He 
put this in a Glafs Tube the Thicknefs of a Quill, filed with 
Oil of'Turpentine, and applied it to his Microfcope ; but could 
make nothing of it in that Manner. Wherefore he took it 
from the Tube, and extending it very gently out of the round 
Figure in which it lay, he perceived extremely plain the 
Formation of all the Vertebra, with the Blood-VeiTels and 
Ramifications paffing over them, and in two Places could fee 
the Spinal Marrow. He could alfo diftinguifh not only the 
Head, but alfo the Mouth, Brain, and Eyes, the Bignefs of 
two Grains of Sand, and clear as Cryftal; He faw likewife 

M 4 the 
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gether, and feemed to have the Inclination 
of Sheep, to follow their Leader and move 
in Flocks. Mr. Leeuwenhoek fays, he 
lound fo much Pleafure in obferving this, 
that he called in fame Neighbours to fhare 
it with him. 

Their Form was that of Fig. VI. . 
A Buck being killed in Rutting-time, the 

* Vafa Deferentia were found turgid with a 
milky Fluid, a Drop whereof, when applied 
to the Micro [cope, appeared full of Animal¬ 
cules moving very brifkly. The greateft 
Difficulty was to lay them properly before 
the Microfcope: for when the Matter is too 
thick, nothing can be feen but a confufed 
Motion, and when fpread thin it dries away 
immediately ; but by diluting it with warm 
Water, juft enough to change its Colour, 
they were feen diifinbtly. 

The human Semen has likewife been view'- 
ed by the Microfcope, and found no lets 

the Ribs and Inteftines : though the whole Creature was no 
. larger than the eighth Part of a Pea.—After this, he opened 
the Uterus of another Ewe. but three Days from the Coitus ; 
and fearching the Liquor coming from it very diligently with 
a Magnifying Glafs, obferved a little Particle the Size of a 
Grain of Sand ; which examining with ah excellent Micro~ 

/cope, he with great Pleafure found to be an exceeding minute 
Lamb lying round in its Integuments, and could plainly dif- 
cern its Mouth and Eyes. yid. Arc. Nat. Tom. I. Par. If* 
pag. 165, and 773. 

* Vid. Pm. Tranf, Numb. 284. 
8 plentifully 

\ x 
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plentifully flocked with Life than that of 
other Animals : for more than ten thoufand 
living Creatures were feen, by Mr. Leeu¬ 

wenhoek, moving in no larger a Quantity 
of the fluid Part thereof than the Bignefs of 
a Grain of Sand; and in the thicker Part 
they were fo thronged together, that they 
could not move for one another. Their Size 
was fmaller than the red Globules of the 
Blood, and even lefs than the millionth Part 
of a Grain of Sand *. The Bodies of them 
are roundifh, fomewhat flat before, but end¬ 
ing fharp behind, with Tails exceedingly 
tranfparent, flve or fix Times longer, and 
about five Times more {lender, than their Bo¬ 
dies. They move themfelves along by the 
violent Agitation of their Tails, "in various 
Bendings, after the Manner that Eels or Ser¬ 
pents fwim : and fo me times their Tails are 
moved thus eight or ten Times in getting 
forwards the Diameter of a Hair. 

Their Shape and Form is fhewn Fig. VII. 

It is wonderful to confider the Minutenefs 
of thefe little Animals, and particularly the 
amazing Slendernefs of their Tails : which 
muflr, notwithflanding, be furnifhed with as 
many Joints as the Tails of larger Creatures, 
fince they are able to move them with great 

* dr can. Nat. Tom. II. Par. II. p. 61. 69. 286. 

Agility: 
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Agility: and, befides, every one of thefe 
Joints muft be provided with its proper Muf- 
cles. Nerves, Arteries, and Veins; and alfo 
with Fluids circulating thro’ them, and fup- 
plying them with Nourifhment, Strength, 
and Motion. In fihort, the Mind lofes itfelf 
in contemplating a Minutenefs beyond all 
human Conception ; tho’ Reafon tells us it 
certainly muft be. I remember ©r. Power 

has a fine Paftage to this Purpofe in the 
Preface to his Experiments: 44 It has often 
44 feemed to me (fays he) an ordinary Pro- 
44 babilitv, and fomething more than Fancy 
44 (how paradoxical foever the Conjecture 
44 may feem), to think, that the leaft Bodies 
44 we are able to fee with our naked Eyes 
44 are but middle Proportionals, as it were, 
44 betwixt the greatejl and the fmallejl Bo- 
44 dies in Nature; which two Extremes 
44 lie equally beyond the Reach of human 
44 Senfation. — For, as on one Side they are 
44 but narrow Souls, and not worthy the 
44 Name of Philofophers, that think any 
44 Body can be too great or too vajl in its 
44 Dimenfions : fo likewife are they as in- 
44 apprehenfive, and of the fame Litter with 
44 the former, that, on the other Side, think 
44 the Particles of Matter may be too little, 
44 or that Nature is ftinted at an Atom, and 
iS muft have a Non ultra of her Subdivi- 
** lions.’1* 

As 
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As the Animalcules in the Semen Mafculi- 
nnm of different Creatures are not much un¬ 
like in Shape, it is alfo obfervable, that they 
do not differ in * Bignefs according to the 
Sizes of the Creatures they are taken from ; 
but feem, in this refpedt, analogous to-the 
Seeds of Trees and Plants, whofe Size bears 
very little Proportion to the Bignefs of the 
Trees and Plants producing them. The 
Seed of an Apple, for Inftance, is fome 
thoufands of Times fmaller than a Cocoa- 
Nut, tho* the Trees they grow on have not 
that Difproportion : and the Seeds of To¬ 
bacco (whereof a thoufand weigh not 
above a fingle Grain) are lefs beyond Corn- 
par i foil than many Kinds of other Seeds whofe 
Plants are not near fo large as Tobacco is„ 
Hence it comes to pafs, that Animalcules 
maybe difcovered in th Semen of the fmalleft 
Birds,Quadrupeds, and Fifhes, nay, and even 
in Infedts too. For Mr. Leeuwenhoek 

affures us, he found a white Matter he had 
fometimes fqueezed from the hinder Parts of 
male J Spiders, about the Bignefs of a Graiti 
of Sand, to be indeed their Semen, by difco- 
vering therein prodigious Multitudes otAni” 
malcules, which continued living above five 
Hours, but were fo extremely minute that 
he fuppofes a thoufand Millions of them 
?-—.— 1 ----  — - 

* Arc. Nat. Torn. IV. pag. 30. + Dr. Power’s Ex- 
periip. pag. 30. J Pbilojopk* Tranfafi. Numb. 279. 

would 
* / 
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would not equal the Size of a Grain of Millet. 
He found them likewife in the Semen of the 
Dormoufe% in Oyfters b, in Silkworms0, in 
the JLabella minima d, or fmall Dragon-Fly, 
in the Common Fly % in the male Fkaf, in 
Gnats % and in feveral other Infedts : and, 
without doubt, a curious Enquirer will be 
able todifeover them in Abundance of Sub¬ 
jects yet unexamined ; for Nature is uni¬ 
form in all her Works, and there is good 
Reafon to believe that they certainly exift in 
all the animal Part of the Creation. 

Amongit the many Species oAnimalcules 
obferved in Waters and Infufions, there are 
none found refembling thofe in Semineh .* 
but the Animalcules in the Semen of all Sorts 
of Creatures hitherto examined have a com¬ 
mon and general Likenefs to one another y 

with this Particularity, that they appear in 
continual Motion, without the leaf: Ref or 
Inter million, provided the Fluid be fufficient 
for them to fwim about in. 

Many People have imagined, that living 
Creatures mi,ght alfo be found in the other 

. animal Juices : but, after the ftri(?ceft and 
mofi careful Examination, it appears certain 

3 Arc. Nat. Tom. I. Par. II. p. 27. b Ibid. Tom. II. 
Par. I. p. 144. c Ibid. Par. II. p. 422. d Ibid. Tom. IV. 
p. 19. e Ibid. f Ibid. p. 20. s Ibid. p. 2t. 31 Ibid. 
Tom* III. p. 294. 

that 
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that nothing with the leaf! Token of Life is 
to be difcovered by the bed: Glades, either 
in the Blood, Spittle, Urine, Gall, Chyce, 
or any of the Humours, except the Semen 
only, 

CHAP. XVII. 

Of Animalcules in the Teeth. 

t | "iHough no Animalcules can be found in 
the Saliva or Spittle, great Numbers 

of different Kinds may be difcovered in the 
whitijh Matter flicking between the Teeth, 
if it be picked out with a Pin or Needle, 
mixt with a little Rain-Water and Spittle 
without Bubbles, and applied before the Mi- 
crofcope. And fometimes they are fo incre¬ 
dibly numerous, and fo full of Motion, that 
the whole Mafs appears alive. 

* The largell: Sort (fhewn Plate XIII. 
Fig. I. Numb, i.) move along very fwiftly 
in the Spittle or Water; of thefe there are 
but few. 

The fecond Sort are more numerous, and 
have a Motion peculiar to themfelves, as re¬ 
presented Numb. 2. 

* Vide Arc. Nat, Tom. IV. p. 40. Again, Tom. IVo 
Epift. 75.. p. 310. " , 

' The 
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The third Sort are roundiih, and To mi¬ 
nute, that a Grain of coarfe Sand would 
equal a million of them in Bignefs : they 
move fo fwiftly, and in fuchMultitudes, that 
they feem like Swarms of Gnats or Flies, 
and the exadt Shape of them is not eafy to 
be diAinguifhed. 

Some or all of thefe three Kinds may be 
>r 

found pretty conftantly in the Matter taken 
from between the Teeth of Men, Women, 
or Children; efpecially from between the 
Grinders, even tho’ they wafh their Teeth 
continually, and clean them with the utmoft 
Care : but from the Teeth of People that are 
more carelefs, the faid Matter affords another 
Sort of Animalcules in the Shape of Eels or 
Worms, as pictured Numb. 4. Thefe move 
themfelves backwards or forwards, with 
great Bendings of the Body; and force their 
Way through the minuter Animalcules every 
where around them, with the fame Eafe as 
a large Butterfly would break through a 
Swarm of Gnats. There are likewife, in 
this Matter from the Teeth, other Sorts of 
Animalcules, whofe Motions are fo extremely 
languid, that without long Attention they 
cannot be diflinguifhed to be alive. 

Obfervation. They all die if Vinegar be 
applied to them; whence it feems reafonable 
to conclude, that wafhing the Teeth and 
Gums with Vinegar may be a Means of pre~ 
ferving them from thefe mindte Creatures. 

a CHAP, 
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CHAP. XVIII. 

Of the I t c h, 

rpHE Microfcope has difcovered, what 
without it could fcarce have been ima¬ 

gined, that the Diftemper we call the Itch 
is owing to little Infedts under the Cuticula, 
whofe continual Bitings caufe an ouzing of 

Serum from the Cutis, and produce thofe 

Puftules or watry Bladders whereby this Dif- 
eafe is known. This was found out by 

Dr. Bononio, * who obferving that itchy 
People frequently pull out of their fcabby 

Skin little Bladders of Water with the Point 
of a Pin, and crack them on their Nails like 
Fleas, he determined to examine what thefe 
Bladders might really be. Wherefore, pick¬ 

ing out with a fine Needle a little Puftule 
from a Place fcabbed over, and where there 
was a fevere Itching, he fqueezed a thin 
Matter from it, and perceived a very fmall 
white Globule fcarcely difcernible, which., 

applying to the Microfcope, he found to be 

a very minute Animal, in Shape refembling a 
Tortoife, of a whitifh Colour, but darker on 
the Back than elfewhere, with fome long 

and thick Hairs iffuing from it, very nimble 
in its Motion, having fix Legs, a fharp Head, 

* Phil# Tran fad. Numb. 2-83. 
sad 

ft.' 
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and two little Horns; being in Shape as re- 
prefented by the two Pidlures, Fig. II. a, b. 
Plate XIII. 

This Experiment was repeated on itchy 
Perfons of all Ages, Sexes, and Complexions, 
and at all Seafons of the Year, and he con- 
ffiantly found the fame Animalcules in molt 
of the watry Puftules : and though by rea- 
fon of their Minutenefs and Colour (which 
is the fame as the Skin) it is difficult to dif- 
cern thefe Creatures on the Surface of the 

Body, yet he fometimes faw them upon the 
Joint of the Fingers in the little Furrows of 
the Cuticula, where they fir ft begin to enter 
with ther fharp Heads, gnawing and work¬ 
ing in their Bodies, till they are got quite 
under the Cuticula, where they burrow from 

Place to Place, caufe a trpublefome and grie¬ 
vous Itching, and force the infedted Perfon 
to fcratch, which only ferves to increafe the 
Malady; for, by breaking the little Puftules 
and fome fmall Blood-Veffels, Scabs, crufly 
Sores, and fuch like foul Symptoms eiifue: 
whilfl thefe mifchievous Animalcules efcape 

the Nails by their Minutenefs, and difperfe 
themfelves the farther. 

Frequently obferving thefe Animalcules, 
he perceived one of them drop a little oblong 

white Egg, almoft tranfparent, from the 
hinder Part of its Body : and afterwards he 

faw many of the fame Sort of Eggs; which 

proves them generated,.like other Creatures, 
' from 
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from a Male and Female, though he was 

never able to diilinguiih. the Sex of any hu 

examined. 
The Figure of the Egg is fhewn c. 

We may hence account how this Diftem* 

per comes to be fo very catching, fince thefe 
Animalcules, by iimple Contact, can eafily 
pafs from one Perfon to another, having not 
only a fwift Motion, but clinging to every 
Thing they touch, and crawling as well upon 

the Surface of the Body as under the out¬ 
ward Skin; and a few being once lodged, 

they multiply apace by the Eggs they lay* 
The Infection may alfo be propagated in a 
like Manner by Sheets, Towels, Handker¬ 
chiefs, or Gloves, ufed by itchy People; 
iince thefe Animalcules may eafily be har¬ 

boured in ftich Things, and will live out of 
the Body two or three Days. 

The Difcovery of thefe Animalcules (hews 

the Reafon like wife why this Diftemper is 
never to he cured by internal Medicines ; 

but requires lixivial Wallies. Baths, or Oint¬ 

ments, made up with Salts, Sulphurs, Vi¬ 
triols, Mercury, Precipitate, Sublimate, or 
fuch Kinds of penetrating and Corroding Re¬ 

medies as can powerfully kill thefe Vermin - 
in the Skin. And if fometimes we find the 
Difeafe returns upon us, in a little while af¬ 

ter we fuppofed it quite cured by Vndion, it 
is no great Wonder; fmce, tho5 the 0|nt~ 

V ox. L N meat 



Of Scales on 

•merit may deflroy all the living Animalcules, 
it may not probably kill their Young Ones 
in the Eggs, laid in Neds in the Skin; 
which, coming to hatch, may renew the 

Diftemper. For this Reafon it is advifeable 
to continue the Anointing for fome Days, 
even after the Cure feems perfect. 

C H A P, XIX. 

Of Scales on the Human Skin. 

H E Cuticula, Scarf-fain, or outward 
JL Covering of the Body, is remarkable 

for its Scales and for its Pores. 
Its Scales are a Difcovery of the Micro- 

fcope for being fo minute that * two hun~ 
dred of them may be covered with a Grain 
of Sand, they could never be difcerned by 

the naked Eye, They are placed as on 
Fifties, *f* three deep, that is, each Scale is fo 
far covered by two others, that only a third 
Part thereof appears : which lying over one 
another, may be the Caufe why the Skin of 
the Body appears J white; for about the 
Mouth and Lips, where they only juft meet 
together, and do not fold over, the Blood- 

# Vid. Arc. Nat, Tom. I. Par. II. p. 208. Again, 
Tom, IV. p. 46, f p. 47. % Ibid. p. 51. 

9 Veftels 
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Veffels are feen through, and the Parts look 

red. The perfpirahle Matter is fuppofed to 
ifFue between thefe Scales (which lie over 
the Pores or excretory Veffels through which 

the watery and oily Humours pcrfpire), and 
may find Vent in an hundred Places round 

the Edges of each Scale * : fo that, if a Grain 

of Sand can cover two hundred Scales, it 
will be able to cover twenty thoufand Places 

where Perfpiration may iffue forth. 

A Piece of Skin taken from between the 

Fingers, from the Forehead, Neck, Arms, 
or any other foft Part of the Body which 
is not hairy, ferves bed: to fhew the Scales ; 

for where the Skin is callous, they are glew- 
ed as it were together. 

They are generally of five Sides, as in the 
Picture, Fig. III. a. 

Their Difpofition on the Skin is fhewn 
Fig. III. b. ' 

If they are fcraped off with a Penknife, 
put into a Drop of Water, and fo applied to 

the Microfcope, they will be feen to good 
Advantage. 

■t-—:-:------ 

* Arcan. Net. Tom. IV. p. 48, 
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C H A P. XX. 

The Pores of the Skin. 

V E R Y Part of the human Skin is full 
4 of excretory Duffs or Pores, which emit 

fuperfluous Plumours continually from the 
Mafs of the circulating Fluid. 

In order to view the Pores, cut a Slice of 
the upper Skin with a fharp Razor as thin 
as poffible : then immediately cut a fecond 

Slice from the fame Place, which apply to 
the Microfcope, and in a Piece not larger 
than a * Grain of Sand can cover, innumera¬ 
ble Pores will be perceived, as plainly as little 
Holes pricked by a fine Needle may be dis¬ 
cerned if it be held up againfl the Sun. The 

Scales of the outer Skin prevent any difiind: 
View of the Pores, unlefs they are fcraped 
away with a Penknife, or cut off in the above 

Manner 5 but if a Piece of the Skin between 
the Fingers, or in the Palms of the Hands, 
be fo prepared, and then examined, the 
Light will be feen very pleafantly through 

the Pores. ■ 

Mr. Leeuwenhoek endeavours to give 
fome flight Notion of the incredible Num- 

■ ■” 11  *"  - ■ "■■■■» - -- ' J--m - n - — -i-rri-T   rr ~ 

# Arc. Nat• Tom. II. p. 409, 412. 
ber 

1 



The Pores of the Skin. 175 

ber of Pores In a human Body. He * fup- 
pofes there are one hundred and twenty fuch 
Pores in a Line one tenth of an Inch long 3 
however, to keep within Compafs, he reckons 
only one hundred. An Inch in Length will 
then contain a thoufand in a Row, and a 
Foot twelve thoufand. According to this 
Computation, a Foot fquare mu ft have in 
it an hundred and forty-four millions : and 
fuppofing the Superficies of a middle-fized 
Man to be fourteen Feet fquare, there will 
be in his Skin two thoufand and fixteen mil¬ 
lions of Pores. 

To acquire fome clearer Idea Rill of this 
prodigious Number of Pores by our Con¬ 
ception of Time, let us reckon with F 
Mersennus, that each Flour confiils of 
fixty Minutes, and each Minute of fixty 
Seconds, or fixty Pulfations of an Artery: 
in one Hour there will then be three thou¬ 
fand and fix hundred Pulfes3 in twenty-four 
Hours eighty-fix thoufand and four hun¬ 
dred 3 and in a Year thirty-one millions five 
hundred and thirty-fix thoufand. But there 
are about fixty-four Times as many Pores 
In the Surface of a Man’s Skin, and there-?, 
fore he mufl live fixty-four Years, ere he 
will have a Puliation for every Pore in his 
Skin. • , * '■ 

* Arc. Nat. Tom. Ill, p. 413. 
f Ibid. p. 413. 

N 3 Dr. 
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Dr. Nathanael Grew obferves, that 
the * Pores through which we perfpire are 
more particularly remarkable in the Hands 
and Feet; for if the Hand be well walked 
with Soap, and examined with but an indif¬ 
ferent Glafs, in the Palm, or upon the Ends 
and hrft Joints of the Thumb and Fingers, 
innumerable little Ridges parallel to each 
other, of equal Bignefs and Diftance, will be 

found; upon which Ridges the Pores may 
be perceived by a very good Eye, lying in 

Rows, even without a Glafs : but, viewed 
through a good Glafs, every Pore feems like 
a little Fountain, with the Sweat Handing 
therein as clear as Rock-Water ; and, if 
wiped away, it will be found immediately 

to fpring up again. 
When we coniider the Multitude of Ori- 

•x 

flees all over the Skin, it is reafonable to 
imagine, that minute Animals, as Fleas, 

Lice, Gnats, &c. do not with their ilendei* 
Inflruments make new Perforations, but 

rather thruft or inhnuate them into the Vef- 
fels of the Skin, and fuck out the Blood, or 

. what other Humour is their proper Ali¬ 

ment. 

* Thilofopb. Tranf, Numb. 159, 

CHAP, 
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CHAP. XXL 

Of the Louse. 

TH E Loufe has fo tranfparent a Shell 
or Skin, that we are able to difcover 

more of what pafies within its Body than 

in moft other living Creatures; which ren¬ 

ders it a delightful Qbjedl for the Micro- 

fcope. 
It has naturally three * Divifions, namely, 

the Head, the Breaft, and the Belly of Tail- 

part.—In the Head appear two hne black 

Eyes, with a Horn that has five joints, and 
is furrounded with Hairs, handing before 
each Eye; from the End of the Nofe or 
Snout there is a pointed projecting Part, ferv- 

ing for a Sheath or Cafe to a Sucker, or 
Piercer, which the Creature thrafts into the 

Skin, to draw out the Blood or Plumours it 

feeds on, vas it hath no Mouth that opens.* 

This Piercer, or Sucker, is judged to be 
feven hundred times ilenderer than a Hair; 

is contained in another Cafe within the firft, 
and can be thruft out or drawn in at Plea- 
lure. 

The Breaft is marked very prettily in the 

Middle, the Skin thereof tranfparent, and 

* V id . S w A m m e r 0, Hi ft. Generals dee Infeffest p. 174. 
f Yid. Arc. Nat. Tom. II. p. 74. 

N 4 full 
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full of little Pits. From the under Part of 
it proceed fix Legs, each having five Joints* 
their Skin refembling Shagreen, except to¬ 
wards the Ends, where it appears fmoother. 
Each Leg terminates in two hooked Claws 
of unequal Length and Size, which it ufes 
as we would a Thumb and middle Finger. 
There are * Hairs between thefe Claws, as 
well as over all the Legs. 

On the Back of the Tail-part we may dif- 
cern fome *f* Rini-like Divifions, Abundance 
of Hairs, and a Sort oflvfarks that look like 
the Strokes of a Rod on one that has been 
whipt. The Skin of the Belly feems like 
Shagreen, and towards the lower End is 
clear, and full of little Pits 3 at the Extremity 
of the Tail are two little femi-circular Parts, 
covered all over with Flairs, which ferve to 
conceal the Anus. 

When the Loufe moves its Legs, the Mo¬ 
tion of the Mufcles (which all unite in an 
oblong dark Spot in the Middle of its Bread:) 
may he diftinguifiied perfectly: and fo may 
the Motion of the Mufcles in the Head 
be when it moves its Horns. The Motion 
of the Mufcles is alfo vilible in the feveral 
Articulations of the Legs. We may like- 
wife fee the various Ramifications of the 

# Vide Swammerd, p. 175. 

f Vide PhiUjopb. Tranf. Numb.. 102» 

Veins, 
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Veins and Arteries (which are white) with 
the Pulfe regularly beating in the Arteries, 

But the moil furprizing of all is, the perihal- 

tic Motion of the Intefdnes, continued from 

the Stomach along all the Guts down to the 

Anus, 

If a Loufe, when very hungry, be placed 
on the Back of the Hand, it will thruffc its 
Sucker into the Skin, and the Blood may 

be feen palling in a line Stream to the Fore- 
Part of the Head 5 where falling into a 

roundilh Cavity, it palfes again, in a like 

Stream, to another circular Receptacle in 
the Middle of the Head j from thence thro* 
a fmaller Velfel to the Bread:; and then to 

a Gut that reaches to the hinder Part of 
the Body, where in a Curve it turns a little 
upwards.—In the Bread: and Gut the Blood 

is without Intermidion moved with great 
Force, efpecially in the Gut; and that with 

fuch a hrong Propuliion downwards, and 
fuch a Contraction of the Gut, as is amazing: 
which continual and Itrong A&ion of the 
Stomach and Bowels upon the Food of this 

Creature, to further its Digehion, is wor¬ 
thy to be conlidered.—In the upper Part of 

the crooked afcending Gut juh mentioned, 
the propelled Blood hands hill, and feems 

to undergo a Separation : fome of it be¬ 

coming clear and water!Ih, while certain 
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little black Particles pafs downwards to the 
Anus % . 

If a Loufe be placed on its Back -j-, two 
bloody darkifh Spots appear ; the larger in 
the Middle of the Body, and the leffer to¬ 
wards the Tail. In the larger Spot a white 
Film or Bladder contracts and dilates up¬ 
wards and downwards from the Head to¬ 
wards the Tail; the Pulfe of which is fol¬ 
lowed by a Pulfe . of the dark bloody Spot, 
in or over which the white Bladder feems 
to lie. This: Motion of Syftole and Diaftole 
is feen beft when the Loufe grows weak. 
The white pulling Bladder feems to be the 
Heart, for on pricking it the Loufe inflantly 
dies. In a large Loufe the Puliation may be 
feen in the Back, but the white Film not 
without turning the Belly upwards. The 
lower darkifh Spot Dr. Harvey conjectured 
to-be the Excrements in the Guts. 

Lice are not Hermaphrodites, as has er~ 
roneoufly been imagined, but Male and 
Female. Mr. Leeuwenhoek difcovered 
that the Males have J Stings in their Tails, 
but the Females none ; and fuppofes the 
fmarting Pain they fometimes • give arifes 
from their Stinging, when made uneafy by 

* Vid. Pbilofoph. Tran fad. Numb. 102, 
f Vid. Dr. Power’s Qbferv. g, 

| Arc. Nat. Tom. II. p, 77. 

PrefTure 
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Preffure or otherwife y fince, if roughly 

handled, they may be feen to thruft out 
their Stings 5 and as he felt little Pain or 

Uneafmefs in the Sucker, or Piercer, though 

feven or eight were feeding on his Hand at 
once. The Females lay Eggs or Nits, whence 

young Lice come forth, perfect in all their 

Members, and undergo no farther Change 

but an Increafe of Siz;e. 
Mr. Leeuwenhoek, being defirous to 

learn the Proportion and Time of their In¬ 

creafe, put two *■ Females into a black Stock¬ 
ing, which he wore both Night and Dayy 
and found that in fix Days one of them had 
laid fifty Eggs, and upon diiTedting it, faw as 

many more in the, Ovary; whence he con¬ 

cludes, that in twelve Days it would have 
laid an hundred Eggs. Thefe Eggs hatch¬ 

ing in fix Days (which he found to be their 

natural Time) would probably produce fifty 
Males and as many Females: and thefe Fe¬ 

males coming to full Growth in eighteen 
Days, might each of them be fuppofed, af¬ 

ter twelve Days more, to lay alfo an hundred 

Eggs y which Eggs in fix Days farther (the 
Time required to hatch them) might pro¬ 

duce a younger Brood of five thouland -f*. 
So that in eight Weeks a Loufe may fee 

five thouland of its own Defendants y an 

* Arcan. Nat, Tom. I. p..78. 
f Ibid, 

Increafe 
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Increafe hardly credible, were it not proved 
by Experience. 

A Loufe may be differed eafily in a fmall 
Drop of Water, upon a Slip of Glafs that 
can be applied to the Microfcope; but with¬ 
out Water the Parts are very difficult to di¬ 
vide, and when feparated ffirivel and dry up 
immediately. Thus five or fix Eggs of a 
full Size, and ready to be laid, may be found 
in the Ovary of a Female, with fixty or 
feventy of different Sizes, but all much more 
minute, as the Eggs are in the Ovary of a 
Hen. In the Male the Penis is remarkable, 
and alfo the Tefces, whereof it has a double 
Pair; the Sting likewife deferves a curious 
Examination. Thefe Creatures avoid the 
Light as much as poffible, and are impatient 
of Cold. The Females, if faffing, appear 
very white, and even after feeding feem lefs 
red than the Males, the Blood not appearing 
£0 plainly through their Veffels, from the 
Multitude of their Eggs. 

The Picture of the common Loufe is given 
Plate XIII. Fig. IV. 

Its Piercer or Sucker is fhewn by a. 
The Sting of the Male by b. 

There is another Kind of Loufe found 
shout uncleanly People, which, from its 
Shape, is called the Crab-Loufe. The Ver¬ 
min adhering to and feeding on the Bodies 
of different Animals, though much unlike 
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m Form and Size, are alfo commonly called 
Lice. Of thefe there are numberlefs Species* 
feveral whereof we are obliged to Seignor 
Red 1 for giving us the Drawings of, at the 
End of his Treatife de Generatione InfeZiorum, 
whence Mr. Albin has taken them into his 
Book of Spiders: but few of thefe have been 
fufficiently examined by the Microfcope, and 
there are great Variety of other Kinds that 
are yet quite unknown. 

Even Infedts are infefted with Vermin that 
feed on them and torment them. A Sort of 
Beetle, known by the Name of the Loujy 
Beetle, is remarkable for Numbers of little 
Creatures that run about it nimbly from 
Place to Place, but will not be fhaken off. 
Some other Beetles have Lice alfo, but of 
different Kinds. 

The Earwig is troubled frequently with 
minute Infedts, efpecially juft under the 
fetting-on its Head. They are white and 
filming like Mites, but much fmaller : they 
are round-backed, flat-bellied, and have 
long Legs, particularly the two foremofh 
The fame has not been obferved on any 
other Animal. 

Snails of all Kinds, but chiefly the large 
ones without Shells, have many little In-' 
fedts, extremely nimble, that live and feed 
upon them. 

Numbers of little red Lice, with a very 
fmall Head, and in Shape refembling a Tor- 

5 toife/ 
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toife, are often .to be feen about the Legs of 
Spiders. Whilft the Spider lives they cling 
clofely to it, but if it dies they leave it, 

Whitifh Lice are frequently to be difcover- 
ed running very nimbly on Humble-Bees : 
I have feen them frequently on Ants: many 
Kinds are difcoverable on Fifties: Kircher 

fays he has found Lice on Fleas; and proba¬ 
bly very few Creatures are free from them. 

As fome may be delirous to know what 
Kinds of Lice * Seignor Redi has obferved 
and given Drawings of, the following Lift 
is inferted to fatisfy their Curiofity. Lice 
found on the Hawk, three Sorts : on the 
large Pigeon, the Turtle-Dove, the Hen, 
the Starling, the Crane : on the Moor-Hen 
three Sorts : on the Magpie, the Heron, 
the lefter Heron, the Swan, the Turkish 
Duck, the Sea-Mew, the finaller Swan : on 
the wild Goofe two Sorts: on the Teal, the 
Kaflrel, the Peacock, the white Peacock, 
the Capon, the Crow, the white Starling : 
on Sweetmeats and Drugs : on Men two 
Sorts, namely, the common Loufe and the 

# Redi calls the Vermin on Bealls Pediculi, or Lice; thofe 
on Birds Pnlzces, or Fleas. He fays every Kind of Bird has 
its particular Sort of Fleas, different from thofe of other Birds: 
that all when fir ft hatched are white, but gradually acquire 
a Colour like the Feathers they live among; yet remain 
transparent enough for a good Microfcope to difcover the Mo¬ 
tions of their Inteftines : that the Crane has a white Sort, 
marked as it were with Arabic Characters : and that their 
Size is not proportioned to the Birds they breed upon, for 

the little Black-Bird has Fisas as large as the Szvan. 

Crab- 
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Crab-Loufe: on the Goat, the Camel, the 
f Afs, the African Ram, the African Hen : 
on the Stag two Sorts, and on the J Tiger. 

CHAP. XXII. : 

Of the Wood-Lous e. 

THere is a little Animal, in Shape and 
Colour like a Loufe, that runs fwiftly 

by Starts or Stops, and is commonly found 
on the Leaves and Covers of Books, or 
amongfl rotten Wood : it is called a Wood- 
Loufe, or Wood-Mite, and is known almofl 
to every body. The Eyes of this Creature 
are of a golden Colour, and can be drawn in 
or thrall out at Pleafurej the periilaltic 
Motion of the Bowels appears in it didind:- 
Iv, and, what is dill more wonderful, a 
Motion of the Brain is feen. 

I take this to be the Animal Mr. Derham 

calls the Pediculus Pulfatorius, or Death- 
Watch (in Phil. Tranf Numb. 291,) where- 
he fays the Pediculus Pulfatorius and the 
Scarabceus Sonicephalus are the only two In- 
feds that make regular clicking Nolles like 
the Beat of a Pocket-Watch. 

•f Aristotle in his Hijfory of Animals, and Puny on 
his Authority, afferss, that Ajfss and Sheep are free from Ver¬ 
min : but Redi proves they are both niiliaken as to the Ajs ; 
and as to the Sheep, every Shepherd-Boy is able to confute them. 

t The Loufe of a Lion, refembles that of the Tiger in Shape, 
but is larger, and of a brighter red, Vid. Redi Expsrim, 
circa General. Inf cl, p, 312. & feq. 

CHAP, 
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CHAP. XXIII. 

Of Mites. 

BY Mites are commonly underflood the 
minute Creatures found in great Abun« 

dance in Cheefe that is decaying. To the 
naked Eye they appear like moving Particles 
of Duff; but the Microfcope difcovers them 
to be Animals perfect in all their Members, 
having as regular a Figure, and performing 
all the neceffary Offices of Life in as orderly 
a Manner, as Creatures that exceed them, 
many millions of Times in Bulk. 

They are cruftaceous * Animals, and ufu- 
ally tranfparent. The principal Parts of them 
are, the Head, the Neck, and Body. The 
Head is fmall in Proportion to the Body, 
with a fharp Snout, and a Mouth that opens 
and fhuts like a Mole's. They have two 
little Eyes, and are extremely quick-lighted ^ 
for if you touch them once with a Pin or 
other Inilrument, you’ll perceive how readL 
Jy they avoid a fecond Touch. Some have 
fix Legs, and others eight; which proves 
them of different Sorts, tho’ in every refpedt 
befides they appear alike. Each Leg has fix 
Joints, furrounded with Hairs, and two little 

# Vid. Fgwer’s Obferv. Hook’s Microgr. p. 214, 

Claws 

/ 
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Claws at the Extremity thereof, which can 
eaiily take up any thing. The hinder Part 
of the Body is plump and bulky, and ends 
in an oval Form, with a few exceeding long 
Hairs iffuing therefrom. Other Parts of the 
Body and Head are alfo thinly befet with 
long Hairs. 

Thefe Creatures are Male and Female. 
The Female lay Eggs ; whence (as in Lice 
and Spiders) the young ones ilfue forth with 
all their Members perfedt, though moil: ex¬ 
ceedingly minute: but, notwithftanding their 
Shape does not alter, they call their Skins 
feveral Times before they attain their full 
Growth. 

They may be kept alive many Months 
between two concave Glades, and applied to 
the Microfcope at Pleafure; and by often 
looking at them, many curious Particulars 
will be difcovered. They may thus frequent¬ 
ly be feen in Coitu*, conjoined Tail to Tail; 
for though the Penis of the Male be in the 
Middle of the Belly, it turns backwards like 
that of the Rhinoceros. The Coitus, is per¬ 
formed with an incredibly fwift Motion. 
Their Eggs in warm Weather hatch in 
twelve or fourteen Days; but in Winter¬ 
time, and cold Weather, not under feveral 

* Vide Arc. Nat. Tom. IV. p. 360. 

VoL. I. O Weeks, 
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Weeks. It Is not uncommon to fee thi 
young ones flruggling to get clear of the 
Bgg-ftiell, which fometimes they are a Day 
about. 

The Diameter of a Mite s Egg feems equal 
to the * Diameter of the Hair of a Man’s 
Head; and fix hundred fuch Hairs are about 
equal to the Length of an Inch. Suppoiing 
then a Pigeon’s Egg is three Quarters of an 
loch in Diameter, four hundred and fifty 
Diameters of a Mite § Egg are but equal to 
the Diameter of the Egg of a Pigeon ; and 
consequently, if their Figures be alike, we 
muft conclude that ninety-one millions an 
hundred and twenty thoufand Eggs of a Mite 
are not larger than one Pigeon’s Egg. 

Mites are moil voracious Animals for 
they devour not only Cheefe, but like wife 
all Sorts of dried Fifh or Flefh, dried Fruits, 
Grain of all Sorts, and almoil every thing 
befides that has a certain Degree of Moiflure 
without being over-wet * nay, they may 
often be obferved preying upon one another. 
In eating, they thrufl one Jaw forwards and 
the other backwards alternately, whereby 

' they appear to grind their Food j and after 
they have done feedings they feem to munch 
and chew the Cud. 

* Phil Tran/. Numb. 333. & 284. 

Thefe 
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Thefe are the Vermin that find a Way in¬ 
to the Cabinets of the Curious, and eat up 
their fin<z Butterflies and other choice. Infeffs, 
leaving nothing in their Stead but Duff and 
Ruins. The beff Method of preventing this 
is, to keep the Drawers or Boxes continually 
fuppHed with Gampbire, whole hot and dry 
Effluvia penetrate, fhrivel up, and deflroy 
the tender Bodies of thefe little mifchievous 
Plunderers. 

It muft however be remembered,, that 
there are feveral Species of Mites, which, 
differ in fome Particulars, though their gene¬ 
ral Figure and the Nature of them be the 
fame. For Inftance, the Mites * in Malt- 
Duff and Oatmeal-Duff are nimbler than 
Cbeefe-Mites, and have more and longer 
Hairs. The Mites amongff Figs referable 
Scarabs, have two Feelers at the Snout, and 
two very long Horns over them, with three 
Legs only on each Side, and are more flag- 
gifh than thofe in Malt. Mr. Leeuwen¬ 

hoek obferved fome Mites on Figs to have 
longer Hairs than he had feen on any other 
Sorts ; and upon Examination found thofe 
Hairs were fpicated, or had other little Hairs 
iffuing from their Sides : whence he ima¬ 
gined they might be jointed at the little 
Diffance where thefe Hairs come forth. He 

* Vide Power’s Obferv. p. io, 

O 2 had 
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had alfo feen the like Hairs on other Mites, 
though very feldom. Mr. Hook defcribes 
a Sort of thefe Animals, which he terms 
wandering Mites *, as being to be found in 
every Place almoF where they can get 
Food. 

Happening fome Years ago to look into 
an empty white Gallipot, I fancied it was 
dufty ; but, on a nearer View, perceiving 
the Particles to move, I examined them by 
the Microfcope, and difcovered what I had 
taken for Dufl to be Swarms of thefe wan¬ 
dering Mites, which were tempted and 
brought thither by the Smell of fome 
Caviere that had been in the Gallipot a 
few Days before. 

The Mite is exceedingly tenacious of Life $ 
I have kept them in my Glaffes Months to¬ 
gether, even,without Food ; and Mr. Leeu- 

' wenhoek fays, one he Fuck upon a Pin 
■ before his Microfcope •f* lived in that Con- 
- dition eleven Weeks. 

The Picture of the Mite is fhewn Plate 
XIII. Fig. V. 

One of its Eggs appears jufl by, at a. 

* Hook’s Microg. p. 205. 

f Arc. Nat. Tom, IV. pag, 363. 

C H A P. 
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CHAP. XXIV. 

Of the Flea. 

THIS well-known little Creature is 
covered all over with black hard fhelly 

Scales, Plates, or Divifions, curioufly jointed, 
and folded over one another in fuch a Man¬ 
ner as to comply with all the nimble Mo-’ 
tions and Activity of the Animal. The Scales 
are curioufly polifhed, and befet about the 
Edges with long Spikes, in the moil beau¬ 
tiful and regular Order poffible. Its Neck 
is finely arched, and much refembles the 
Form of a Lobder’s Tail. The Head is very 
extraordinary 5 for from the Snout-part there¬ 
of proceed its two Fore-Legs, and between 
them lies the Piercer or Sucker wherewith it 
penetrates the Skin of other living Creatures 
and draws out its Food. It has two large 
beautiful black Eyes, and a Pair of little 
Horns or Feelers. Four other Legs are join¬ 
ed on at the Bread, fo that it has fix in all y 
which, when it leaps, fold fhort one with¬ 
in another, and, exerting their Spring all at 
the fame Indant, carry the Creature to a 
furprifing Didance. The Legs have many 
Joints, are very hairy, and terminate in two 
long fharp hooked Claws, as may be feert 
Fig. VI. Plate XIII. 

O 3 The 
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The Fleas Piercer or Sucker is lodged be¬ 
tween its Fore-Legs* and includes a Couple 
of Qarts or Lancets, which, after the Piercer 
has made an Entrance are probably thruff 
farther into the Flefh, to make the flood 
flow from the adjacent Parts, that it may be 
fucked up; and feems to occaiion that round 
red Spot, with a Hole in the Center of it, 
which we commonly call a Flea-Bite. This 
Piercer, its Sheath opening fideways, and 
the two Lancets within it, are very difficult 
to be feen, •f* unlefs the two Fore-Legs, be¬ 
tween which they are ufually folded in and 
concealed from View, be cut off clofe to the 
Head : for a Flea rarely puts out its Piercer 
except at the Time of Feeding, but on the 
contrary keeps it clofely folded inwards: the 
bed Way therefore of coming at it is, by- 
cutting of the Head fir if, and then the 
Fore-Legs; fince in the Agonies of Death 
it may eaiily be managed, and brought be¬ 
fore the Microfcope. 

Fleas are Male and Female, and lay Eggs 
as well as Lice and Mites ; but are extremely 
different in all the Progrefs of their Lives be- 
fides, paffing thro' the fame-Changes exactly 
as the Silkworm does. They depoiit their 
Eggs at the Roots of the Hair of Cats, Dogs, 

* Vide Arc. Nat. deteft. Tom. IV. p. 22. 
Ibid* p. 332. Phil* <Tranf. Numb. 249* 

and 
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and other Animals, flicking them fad there¬ 
to by a Kind of glutinous Moifture. When 
the Eggs hatch, not perfect Fleas, but little 
Worms or Maggots, whofe Bodies have fe- 
veral annular Diviiions thinly covered with 
long Hairs, come out of them, and feed on 
the Juices of the Ani mal, whereto they clofe- 
ly adhere *. Thefe Maggots are very brifk 
and nimble 5 but if touched, or under any 
Fear, roll themfelves up on a fudden in a 
round Figure, and continue motionlefs for 
fome Time; after which they (lowly open 
themfelves and crawl away, as Caterpillars 
do, with a lively and fwift Motion. 

When the Time of their Change ap¬ 
proaches, they conceal themfelves as much 
as poflible; eat nothing, lie quiet, and feesn 
as if dying : but if viewed with the Micro- 

fcope, will be found, with the Silk or Web 
that comes out of their Mouth, weaving a 
Covering or Bag round them, whofe Iniide 
is as white as Paper, though without it air¬ 
ways appears foiled with Dirt. In this Bag 
they put on the Chryfalis or Aurelia Form, 
and become Milk-white : but two or three 
Days before they break from this Prifon, 
their Colour darkens, they acquire Firm- 
nefs and Strength, and as foon as they iffue 
from the Bag are perjeB Fleas, and able to 
leap away. 

* Phil. <Tranf. Nurnb. 249. 

O 4 It 
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It has been difcovered, by putting the 
Eggs of Fleas in a fmall Giafs Tube, and 
keeping it con flan tly warm in one’s Bofom, 
that, in the midft of Summer, they hatch 
in four Days : then, feeding the Maggots 
with dead Flies, which they fuck greedily, 
in eleven Days they come to the full Perfec¬ 
tion of their reptile State : when the Maggot 
fpins its Bag, and in four Days more changes 
into a Chryfalis; after lying in which Con¬ 
dition nine Days, it becomes a perfect Flea. 
It is then immediately capable of Coition, 
and in three or four Days lays Eggs. So 
that in * twenty-eight Days a Flea may 
come from the Egg itfe-lf, and propagate its 
Kind : and their vaft Increafe will not feem 
fo great a Wonder, if we confider, that 
from March to December there may be feven 
or eight Generations of them. After having 
laid their Eggs they foon die, as all Creatures 
do that undergo fuch like Changes. 

By keeping Fleas in a Giafs Tube corked 
at both Ends, but fo as to admit frefh Air, 
their feveral Adiions may be obferved, and 
particularly their Way of coupling, which is 
performed Tail to Tail, the Female (which 
is much the larger) Handing over the Male. 
They will alfo be feen to lay their Eggs, not 
all at once, but ten or twelve in a Day for 

* Vid. Arc, Nat. Tom. IV. p. 325. 

2 feveral 
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feveral Days fucceflively ; which Eggs hatch 
in the fame Order. 

A DiffeCtion of the Flea may he effect¬ 
ed after the fame Method as that of the 
Loufe, that is, in Water : the * Stomach and 
Bowels, with their periftaltic Motion, may 
plainly be diftinguiffied, andalfo the-fTefles 
and Penis, together with Veins and Arteries 
minute beyond Conception. Leeuwen¬ 

hoek affirms, that he has likewife difcovered 
innumerable Animalcules ffiaped like Ser¬ 
pents in the Semen mafculmum of a Flea. 

Two Things in this Creature deferve our 
Confideration, to wit, its furpriling Agility, 
and its prodigious Strength, whereby it is 
enabled to leap above an hundred Times its 
own Length; as has been proved by Expe¬ 
riments. What vigorous Mufcles ! and how 
weak and fluggiffi, in Proportion to its own 
Bulk, is the Horfe, the Camel, or the Ele¬ 
phant, if compared with this puny InfeCt! 

A Flea’s Egg is ffiown Plate XIII. Fig. 
VI. 1. 

The Worm or Maggot proceeding from it. 
Fig. VI. 2. 

* Vid. Arc. Nat. Tom. IV. p. 20. 
t Again, pag. 335. 

W -t CHAP. 
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CHAP. XXV. 

Of Spiders. 

EVERY body is fo well acquainted with 
the general Form of a Spider, even 

without the Afliftance of a Microjcope, that 
I fhall fpend no Time in the Dele ription of 
it; but proceed to give an Account of feme 
Particulars in this Animal which are difeo- 
yerable only by that Inftrument. 

As a Fly (the Spider s natural Prey) is 
extremely cautious and nimble, and comes 
ufually from above, it was necefiary the 
Spider fhould be furnifhed with a quick. 
Sight, and an Ability of looking upwards, 
forwards, and fideways, at the fame Time : 
and the Microjcope (hews, that the Num¬ 
ber, Structure, and Difpofition of its Eyes 
are wonderfully adapted to ferve all thefe 
Rurpofes. 

\ • - , 

Moil Spiders have eight Eyes * : two on 
the Top of the Head or Body (for there is 
no Divilion between them, a Spider having 
no Neck) that look diredtly upwards; two 
others in Front, a little below thefe, to dis¬ 
cover all that paffes forwards ; and on each 
Side a couple more, one whereof points fide- 

• N. B. Spiders Eyes art not pearled. 

4 ways 
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ways forwards, and the other fideways back¬ 
wards : fo that it can fee almoft quite round 
it. All Kinds of them have not, indeed, a 
like Number of Eyes; for we find ten in 
fome, in others only eight, fix, or four; and 
in the Field, Long-Legs, or Shepherd-Spider, 
no more than two. But whatever the 
Number be, they are immoveable and 
tranfparent; are fituated in a mod; curious 
Manner, and deferve the {fridfed Examina¬ 
tion. The bed: Way of viewing them is, to 
cut off the Legs and Tail, and bring only the 
Head-part before the Microfcope. 

All Spiders have eight Legs, which they 
employ in walking, and two Arms or fhorter 
Legs near the Mouth, that aflifl in taking 
their Prey. They appear thickly befet with 
Hair, have each fix Joints, and end with 
two hooked Claws, ferrated, or having 
Teeth like a Saw on their Indde, whereby 
they cling fad to any thing; and at a little 
Diftance from fheie Claws a Sort of Spur 
{hands out, without any Teeth at all. See 
Fig. ¥11. Plate XIII. 

But the dreadful Weapons wherewith the 
Spider feizes and kills its Prey are a Pair of 
{harp crooked Claws or Forceps (by fome, 
tho’ very improperly, called Stings), in the 
Fore-part of its Head. The Scolopendra, 
pr Indian Mtllepes, and feveral other In- 
fedts, have Weapons of the like Form, and 
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ferving to the fame Purpofe. Thefe Claws 
or Pincers ftand horizontally; and are, when 
not made ufe of, concealed in two Cafes 
contrived for their Reception : into which 
they fold like a Clafp-knife, and there lie 
between two Rows of Teeth, that are like- 
wife employed to hold fail its Prey. This 
Apparatus is better fhewn than defcribed : 
See Fig. VIII. 

Mr. Leeuwenhoek informs us, * that 
each of thefe Claws or Pincers has a fmall 
Aperture or Slit near its Point, as in a Viper’s 
Tooth ; thro’ which he fuppofes a poifon- 
ous Juice is injected into the Wound it 
makes, occafioning Death to Flies and other 
Infects. But Dr. Mead, in his moil: excel¬ 
lent EJfay on Poifons, believes this to be a 
great Miftake3 having not been able to dif- 
cern any Exit or Opening, tho* he viewed 
thefe Parts feveral Times with a very good 
Microfcope. And he was the more confirmed 
in this Opinion, by examining a Claw of the 
great American Spider, defcribed by Pi so, 
and called Nhamdu, given him by Mr. Pe- 

tiver ; which being about fifty Times 
bigger than that of any European Spider, if 
there had been any Slit in it, he doubted 
not his Glafs would have difcovered it j but 
yet he found it to be quite folid. Befides, 

# Vid. dre. Nat. 1’om. 1Y. Par. II. p. 319. 

after 
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€< after repeated Trials, he plainly faw that 
“ nothing dropped out of the Claws, which 

=<f were always dry while the Spider bit; but 
“ that a fhort white Probofcis was at the 
“ fame Time thrufl: out of the Mouth, which 
“ inililled a Liquor into the Wound.” And 
he farther obferves, <c that the Quantity of 
Cf Liquor emitted by our common Spiders, 

when they kill their Prey, is vifibly fo 
ee great, and the wounding Weapons fo 
<e minute, that they could contain but a 
<e very inconfiderable Portion thereof, if it 
cc were to be difcharged that Way.” 

Spiders frequently call their Skins, which 
may be found in Cobwebs, perfectly dry and 
tranfparent $ and from fuch Skins the For- 

. ceps or Claws (for they are always fhed with 
the Skin) may eafier be feparated, and ex¬ 
amined with moreExadtnefs, than in a living 
Spider: for they commonly appear fpread 
out fairly to View, and, by their Tranfpa- 
rency, every minute Part is feen with much 
Biftinftnefs. But neither this Way, nor 
any other, have I been ever able to difcern 
the- Aperture Mr. Leeuwenhoek fpeaks 

„ of. r 

The Contexture of the Webs of Spiders, 
.and their Manner of weaving them, are farl 
ther ’Difc6veri.es of the Microfcope ; for that 
informs us, that the Spider has five little 

Teats 
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^Teats or Nipples near the Extremity of the’ 
Tail, whence a gummy Liquor proceeds* 
which adheres to any thing it is prefled 
again!!; and being drawn out, hardens in- 
flantly in the Air, and becomes a String or 
Thread, ftrong enough to bear five or fix 
Times the Weight of the Spider s Body. This 
Thread is compofed of feveral finer ones 
that are drawn out feparately, but unite to¬ 
gether two or three Hairs Breadth diftant 
from the Body of the Spider. The Threads 
are finer or coarfer, according to the Bignefs 
of the Spider that fpins them. Mr. Leeu¬ 
wenhoek computes, that an hundred of the 
fine!! Threads of a full-grown Spider are not 
equal to the Diameter of the Hair of his 
Beard ; and, confequently, if the Threads 
and the Hair be round, ten thoufand fuch 
Threads are not bigger than fuch an Hair. 
He calculated farther, that when young Spi¬ 
ders firfl begin to fipin, four hundred of them 
are not larger than one that is full-grown; 
and therefore the Thread of fuch a little 
Spider is fmaller by four hundred Times than 
the Thread of a full-grown one : allowing 
which, four Millions of a young Spider s 
Threads are not fo big as the fingle Hair of 
a Man's Beard 

m Phil. 'Trail/, Numb. 272. 

The 
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The Eggs of fome Spiders are very plea- 
fant ObjeCts, being round at one End and 
flattifh at the other, with a Depreffion in the 
Center of the flattifh End, and a .yellowifh 
Circle round it. Their Colour is a blbeifh 
White, like counterfeited Pearlj and when 
they hatch, the little Spiders come out per¬ 
fectly formed, and run about very nimbly* 
The Female depolits her Eggs, to the Num¬ 
ber of five or fix hundred, in a Bag ftrongly 
corapofed of her own Web, which fhe ei¬ 
ther carries tinder her Belly, and guards 
with the greatefl Care, or elfe hides in feme 
fafe Recefs. As foon as the Eggs are hatch* 
ed, the minute Spiders appear very agreeably 
in the Microfcope. 

It has been before obferved, that the Cur¬ 
rent of the Blood may be feen in the Legs 
and Body of this Creature ; and the judi¬ 
cious -Obferver will difcover many other 
Wonders in the DifTedtion and Examination 
of its feveral Parts, which it would be tire- 
feme for me to dwell on here. I cannot, 
however, conclude this Head without point¬ 
ing out two or three Kinds of Spiders as 
particularly worth Notice. 

There is a little white Field Spider, with 
iliort Legs, found plentifully among new 
Hay, whofe Body appears like white Am¬ 
ber, with black Knobs, out of each where¬ 

of 
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of grow Prickles like Whin-Pricks. Some 
have fix, fome eight Eyes, that may be dif- 
tindUy feen, quick and lively : each Eye has 
a Violet-blue Pupil, clear and admirable, 
furrounded by a pale yellow Circle 

The wandering or hunting Spider, who 
Ipins no Web, but runs and leaps by Fits, 
has two Tufts of Feathers fixt to its Fore- 
Paws, which well deferve being placed be¬ 
fore the Microfcope: the Variety and Beauty 
of Colouring all over this little Creature 
afford likewile a moil delightful View. 

The J Long-Legs, Field, or Shepherd- 
Spider is a molt wonderful Creature : It has 
two Fore-Claws at a great Diftance from 
the Head, tipped with Black like a Crab’s, 
that open and fhut in the Manner of a Scor¬ 
pion’s, and are Saw-like, or indented, on 
the Infide.—-Cut all the Legs from this Spi¬ 
der 3 and place it before the Microfcope, and 
you will difcover, that the Protuberance on 
the Top of the Back is furnifhed with two 
fine Jet-black Eyes. 

The little red'Spider that creeps on the 
Barks of Trees £hould alfo not be neglected. 

* Dr. Power’s Micro/cop. Qhferwat. p° 13. 

■\ Hood’s Mkrcg. p^?oo. 1 Ibid. p. 14. 

CHAP. 
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CHAP. XXVI. 

Of the Gnat. 

HE Production of this Creature is from 
JL an Egg, depofited by its Parent upon 

the Waters, which firft becomes a JVonn or 
Maggot, then a very odd aquatic Animal (de¬ 
fer ibed page 88.) and afterwards a Gnat. 

The particular Beauties of it cannot poffi- 
bly be difeovered without the Microfcope; but 
by the Afliftance of that Inftrument, it ap¬ 
pears to be adorned by Nature in a more 
extraordinary Manner than moft other living 
Creatures are. Its Tail-part is covered over 
with Feathers, moft exquifitely difpofed in 
Rows of different Colours, but yet perfectly 
tranfparent. The Bread * (which is cruf- 
taceous) is bedecked with little ftiff Hairs 
or Briftles, inftead of Feathers ; and from 
thence fix hairy Legs proceed, with fix Joints 
to each, and at the End two little Claws. 
The Feet are all over feathered in a Manner 
refembling the Scales of Fifhes, with Abun¬ 
dance of little black Hairs amongft them, 
appearing ftubborn like Hogs Briftles. Its 
Wings are encompaffed with a Furbelow of 
long Feathers : and the Veins or Ribs that 

* Swammerd, Hift. Generate des Infedies, p. 108* 

Vol. L p ferve 
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ferve to ffrengthen them are alfo either fea> 
fh-ered or fcaled. Between thefe Ribs an ex¬ 
ceeding thin transparent Membrane is ex- 
tended*, full of little black fharp-pointed 
Hairs*., that are ranged every where with the 
utmoff Regularity. But as there are * dif¬ 
ferent Sorts of Gnats* their Wings are alfo- 
very different, fome having a Border of long, 
Feathers, others of fhort ones, and others 
none at all: the Rib-work of the Wings,, 
like wife, in fome is feathered* in fome fcaled, 
and in fome befet with Prickles* 

But the moff wonderful Part of this Crea¬ 
ture is its Head; as it contains the Horns, 
the Sting or Sucker, and the Eyes. The 
Horns of the hr njh-horned or Male Gnat are 
a moff charming 0hje<ff : it has two Pair, 
one whereof is furrounded, at little Diffances, 
with long Hairs iffuing out circularly; each 
Circle kffening more than other as it ffands 
nearer the Extremity of the Horns : and the 
Yfhole together exactly reprefenting the Fi¬ 
gure of the Plant called Equifetum or Horfe-* 
tail. The other Pair is longer and much 
thicker than the foregoing, and hairy from 
End to End. In the great-bellied or Female1 
Gnat, the firft Pair of Horns, though of the 

* Mr. Derham obferved near forty different Species of 
Gnats about the Place where he lived, which was Upminjlep 
in EJfsx. Vide BbjJko~Tksokgy-> p. 3,7 B» 

famg 
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fame Figure as the Male's, has Hairs not 
hear fo long, and the fecond Pair is fhorter 
than the firft by at leafl three Parts in four. 

The Piercer, Sting, or Sucker, is a Cafe 
covered with long Scales, that lies concealed 
under the * Gnat’s Throat when not made 
ufe of. The Side opens, and four Darts are 
thrufl out thence occaiionally ; one where¬ 
of (minute as it is) ferves for a Sheath to 
the other three. The Sides of them are ex¬ 
tremely fharp, and they are barbed or in¬ 
dented towards the Point, whofe Finenefs is 
inexpreflible, and fcarcely to be difcerned by* 
the greatefl Magnifier. When thefe Darts 
are thrufc into the Flefh of Animals, either 
fucceflively or in Conjunction, the Blood 
and Humours of the adjacent Parts muff 
flow to and caufe a Tumour about the 
Wound, whofe little Orifice being clofed up 
by the Comprefiion of the external Air, can 
afford them no Outlet. When a Gnat finds 
any tender juicy Fruits or Liquors, fhe fucks, 
up what fhe likes through the outer Cafe, 
without uling the Darts at all: but if it is 
Flefh that refills her Efforts, fhe flings very 
feverely, then fheaths her Weapons in their 
Scabbard, and through them fucks up the 
Juices fhe finds there. The Pain they caufe 

* Vide Ef/. tf Nat♦ Eng. i2tno. Edit. Yoi. I. p, 124. 
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is only while they are entering, and con¬ 
tinues not when the Gnat is fucking: nor is 
its Stinging out of Revenge, but from mere 
Neceffity to obtain a proper Suttenance. 

The Gnat's four Darts are fhewn Plate 
XIII. Fig. IX. a. b. c. d. 

A Gnat's Eyes, which form the greatett 
Part of its Head, are pearled, or compofed 
of many Rows of little femicircular Protu¬ 
berances ranged with the utmoft Exactitude. 
What thefe Protuberances are, and the Pur- 
pofes whereto they ferve, will be explained 
when we come to treat of the Eyes of In- 

fedls. 

The Motion of the Itneftines may be feen 
In the tranfparent Parts of this Animal; and 
upon Diffedion many curious Difcoveries 
may be made. Mr. Leeuwenhoek fays, 
he found in the * Semen of the Male num- 
berlefs Animalcules fmaller than thofe in 
Pleas, and in the Female a furprizing Quan¬ 
tity of Eggs. And, indeed, the Spawn of 
this In fed: is amazingly great in Proportion 
to its Size, being feen floating on the Waters 
(though always fattened to fomething to pre¬ 
vent Its fwimming away) fometimes above 
an Inch in Length, and half a quarter in Dia¬ 
meter ; the Eggs (each of which has a little 

•# liEEUWE'N. Arc* Nat» Tom. IV. p. 22. 
black 
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black Speck) being placed in exaffc Order, 
and kept together by a Sort of Jelly or glewy 
Matter, which the minute Maggots, when 
hatched, carry down with them to the Bot¬ 
tom, and thereby cement together the fmall 
Particles of Earth or Sand that form their 
Cells or Cafes. * 

CHAP. XXVII. 

Of the Ox-Fly, or Gad-Bee. 

ANOTHER Creature that undergoes a 
like Change, is the Ox-Fly, Dun-Fly, 

or Gad-Bee, an Infedt very troublefome to 
Cows and Horfes. 

This, like the Gnat, has a long Probofcis, 
with a (harp Dart or Darts fheathed therein. 
The Ufe of thefe Darts is to penetrate the 
Flefh of Animals, and feed on their Blood ; 
whereas the Probofcis can only ferve to fuck 
the Juices, Honies, or Dews, from Fruits, 
Flowers, or the Leaves of Plants : and Pro¬ 
vidence feems to have kindly furnilhed it 
with this two-fold Inftrument, that if one 
Sort of Provifion fails it may be able to fub- 
fifl on the other. It is worth Enquiry, whe¬ 
ther Lice, Fleas, Houfe-Bugs, &c. are not 
alfo provided for the fame Purpofe, 

P 3 Th# 
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The Eggs of this Infedl are depofiteef in 
the Waters, and produce an extraordinary 
Kind of little Worm or Maggot, the Extre¬ 
mity of whofe Tail is incircled with move¬ 
able Hairs, which, being expanded on the 
Surface of the Water, enable it to float along., 
as * in Plate VII. Fig. XIII. a. When it 
would defcend towards the Bottom, thefe 
Hairs are made to approach each other in an 
oval Form, and inclofe a little Bubble of Air; 
hy Means whereof it is able to rife again : 
and if this Bubble efcapes, as fometimes it 
will, the Infedt immediately fqueezes out of 
its own Body another like Bubble to fupply 
the Place thereof. The Maggot, as defend¬ 
ing, is fhewn Fig. XIII. b* Its Snout has 
three Divifons, whence three little pointed 
Bodies are thrufb out, in continual Motion, 
like the Tongues of Serpents. 

Thefe Maggots are frequently to be met 
with in Water taken from the Surface of 
Ditches. The Motion of their Inteftines is 
perfectly lingular and diftinguifhable, and 
they are O.bjedts well deferving our particu¬ 
lar Obfervation. 

* Yid. Swammerd. Hi/. Generate des Infettes, p. 148. 
■ v . * >' -i ‘' •' - •' ' ■ * 

f 

CHAP. 



[ 20'9 1 
I 

€ H A P. XXVIIL 

Of the Stings of Insects. 

rp H E fbarp and penetrating Infir aments 
.1 wherewith the Tails of Bees, Wafps, 

Hornets, Ants, and fome other Infedls are 
armed, I diRinguiih by the Name of Stings 
Being Weapons given them by Nature to 
defend themfelves and offend their Enemies: 
whereas the Trunk or Probofcis which Gnats, 
Fleas, Lice, and many other Kinds carry in 
their Mouth, though it may be equally (harp, 
is not intended as an Infhrument of Revenge, 
but for procuring and fucking in their Food; 
and therefore when Rich Creatures bite or 
Ring us, as we term it, we muR not imagine 
•they do fo out of Anger, but from Neceffity. 
Squeeze or Rrike a Bee or Wafp, it inftant- 
ly puts forth its Sting; but no Provocation 
-can urge a Flea or Gnat to bite : on the 
contrary, when difturbed or hurt, they draw 
In their Probofcis infiead of thru Ring it out, 
and never make ufe of it but when they 
think themfelves perfeblly fafe and quiet. 
There is befides this farther Difference : a 
Sting in]ebis a venomous Liquor into the 
Wound it makes; but a Probofcis fucks of 
draws out the Blood and Humours from it. 

P 4 A| 
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As the Structure and Contrivance of moil; 
Stings are nearly alike, by defcribing one the 
reft will be underftood. I fhall, therefore, 
give a brief Account of the Sting of a Bee, 
as difcovered by the Micro/cope. 

CHAP. XXIX. 

Of a B e e\t Sting. 

H E Sting of a Bee is a horny Sheath 
jL or Scabbard that includes two bearded 

Darts. This Sheath ends in a fharp Point: 
near the Extremity whereof a Slit opens, 
through which, at the Time of Stinging, two 
bearded Darts are protruded beyond the End 
of the Sheath one .whereof, being a little 
longer than the other, fixes its Beard firft; 
but the other inftantly following, they pene¬ 
trate alternately deeper and deeper, taking 
hold of the Flefli with their Hooks, till the 
whole Sting becomes buried in the Wound: 
and then a venomous Juice is injected, thro’ 
the fame Sheath, from a little Bag at the 
Root of the Sting, which occafions an acute 
Pain, and a Swelling of the Part, continuing 
fometimes feveral Days. This is beft pre¬ 
vented by enlarging the Wound immediate¬ 
ly, to give it fome Difcharge, 

The 
• * 
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The two Darts lie within the Sting, as in 
Plate XIII. Fig. X. a. 

When thruft out, they appear as in Fig. X.$. 

Mr. Derham fays, he counted in the 
Sting of a JVafp eight Beards on the Side of 
each Dart, feme what like the Beards of Fish¬ 
hooks ; and I have obferved the fame Num¬ 
ber in that of a Bee. When thefe Beards are 
ftruck deep in the Flefh, if the wounded 
Perfon harts before the Bee can difengage 
them, fhe leaves her Sting behind flicking 
in the Wound : but if he has Patience to 
hand quiet till file brings the Hooks clofe 
down to the Side of the Darts, file wi .hdraws 
her Weapon, and the Wound becomes* much 
lefs painful. A Wafp is not fo liable as a 
Bee to leave its Sting behind, the Beards of 
it being rather fhorter, and the Animal 
ftronger and more nimble *. 

To view the Sting of a Bee by the Mi- 
crofcope, cut off the End of its Tail, and 
then touching it with a Pin or Needle, it 
will thruft out the Sting and Darts, which 
may be fnipt off with a Pair of Sciffars and 
kept for Obfervation. Alfo if you catch a 
Bee in a Leather Glove, its Sting will be 

* Vid. Derham’j Phyf. Thiol, p. 241. 
Pial. VI. 
At i v; 

S'petl. de la Nat. 
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left therein, being unable to difengage its 
Hooks from Leather; and when it is quite 
dead, which it will not be till after feveral 
Hours, you may, by Care and Gentlenefs, 
extradt it with its Darts and Hooks. By 
fqueezing the Tail, pulling out the Sting, 
and preffing it at the Bottom, you may like?* 
wife force up the Darts ; but without feme 
Practice this will be a little difficult. 

The Bag containing the poifonous juice 
may eafily be found at the Igottom of the 
Sting, and examined, being commonly pull¬ 
ed out with it : and, by letting the Bee 
ftrike its Sting upon home hard Body, enough 
of the faid Juice may be obtained to put upon 
a Slip of Glafs, in order to view the Salts 
floating therein at hr ft, and afterwards {hoot¬ 
ing into Cryftals. 

CHAP. XXX. 

Of the Sting of a Scorpion. 

HOW far the Sting of a Scorpion is of a 
like Structure with that of a Bee, I ne¬ 

ver had the Opportunity of examining, as 
none of them are brought alive to England $ 
but the Curious that go abroad to hot Coun¬ 
tries, where they are produced, would do 
well to ehferve particularly, whether a Dart 

or 
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or Darts are not fheathed in the horny Sting 
at the Extremity of their Tail. 

The Opinions of Authors are very differ¬ 
ent as to this Creature’s having or not hav¬ 

ing any Opening in its Sting, through which 
a Poilon iffues into the Wound it makes. 
Galen fays, there is none; Pliny, Ter- 

TULLiAN?fELiAN,ALDRovAND,and others 
affert, on the contrary, that there is. But I 
think this Matter is let in the trued Light 
by S ignior Redl, that diligent Naturalid, 
who took the Pains to examine Scorpions 
brought from Tunis, from Egypt, and 
from Italy, in order to difcover this Aper¬ 
ture, with two of the bed: Microfcopes in 
the Mufeum of the Grand Duke of Tus¬ 

cany, one whereof was made at Rome, 

and the other in England : but, though 
thefe Glaffe.s'were excellent, he was unable 
to difcer-n the lead Perforation. However, 
not fatisfied with only viewing them, he en¬ 
deavoured by Preffure to fqueeze from the 
Cavity of the Sting any Liquor it might con¬ 
tain ; but he found it fo hard and horny, 
that Squeezing could have no EffedL He, 
moreover, caufed a Scorpion to drike on a 
Plate of Iron, but no Moidure appeared 
thereon ; fo that he began to conclude Ga¬ 

len’s Opinion right : when he difcovered, 
accidentally, an exceeding fmall and almod 
invifible Drop of white Liquor upon the 

Sting; 
6 
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Sting* i which convinced him that ./Elian 
fays true, where he afferts, that the Perfo¬ 
ration in a Scorpion s Sting is frjiall beyond 
the Poffibility of being feen. And fuch a 
Drop he frequently faw afterwards, in the 
Progrefs of his Experiments, on the Stings 
of feverai Scorpions, at the Time of their 
Striking : which Drop entering the Wound, 
produced the moil fatal Effects q*. 

' - / 

What a virulent and furprizing Poifon 
muft this be! that in fo very minute a Quan¬ 
tity can contaminate the whole Mafs of the 
Fluids, and bring on fudden Death, not only 
in Man, and other fmaller Creatures, but 
even in Lions, Camels, and Elephants, as 
we are allured it will! How fubtle, how 
penetrating, how divifible, muft the compo¬ 
nent Particles of this little Speck of Venom 
be ! and how ftrong a Proof it affords, that 
the greateh Changes imaginable may be 
wrought in the human Body, by the Ad¬ 
mixture of different Liquors with the Blood 
even in the fmalleft Quantities ! 

* Vid. Redx de Gener. InfeSi.-. p. 127. 

f Mr. Leeuwenhoek difcovered an Opening on each 
Side of the Sting for the Emiffion of this Poifon ; which he 
fuppofes is not difcharged till the Sting is buried in the 
Wound. ‘Vid. Arc. Nat. Tom. II.' p. 167. 

CHAP. 
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CHAP. XXXI. 

Of the Poison of a Viper. 

THE Mifchief done by the Viper, or any 
other Serpent, is not efFedted by Means 

of a Sting (for what is darted out of its 
Mouth, and by the Vulgar fuppofed a Sting, 
is nothing but the Tongue of the Animal, 
and perfectly harmlefs) : but its ’Teeth are 
the dreadful Weapons wherein the Poifon 
lies; and its Bite is all we need to fear. 

Dr. Mead, in his mod: valuable EfTay on 

the Poifon of the Viper, has defcribed thefe 
Teeth and their Poifon fo much better 
than it is poffible for me to do, that I fhalt 
beg Leave to borrow the chief I have to fay 

from him. 
The poifonous Fangs or great Teeth are 

crooked and bent : they are hollow from 
the Root a conliderable Way up, not to the 
very Point (which is folid and /harp to pe¬ 
netrate the better), but to within a little Dis¬ 
tance of it; as may be feen byfplittiog a Tooth 
through the Middle. This Cavity ends in a 
vilible Slit refembling a Nip or Cut of a Pen. 
See Plate XIII. Fig. XI. The Poifon is 
ejected through this Slit from a Bag at the 
Root of the Teeth, into which it is difcharged 
by a Dudt juft behind the Orbit of the Eye, 

from 
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from a conglomerated Gland that feparates 
it from the Blood. 

The venomous Juice of the Viper may be 
got by enraging it till it bites on fomething 
folid. This juice the Debtor put carefully 
on a Glafs Plate, and examined it by the 
Micrcfcope. Upon the frit Sight, he could 
difeover nothing but a Parcel of final! Salts 
nimbly floating in the Liquor: but in a very 
fhort Time the Appearance was changed, 
and thofe faline Particles were now Ihot out 
as it were into Cryflals of an incredible 
Tenuity or Sharpnefs, with fomething like 
Knots, here and there, from which they 
feemed to proceed : fo that the whole Tex¬ 
ture did in a Manner reprefent a Spider’s 
Web, though infinitely finer and more mi¬ 
nute ; and yet withal fo rigid were thefe pel¬ 
lucid Spicula or Darts, that they remained 
unaltered upon his Glafs for feveral Months. 
And, by confidering the necefiary Efiebis of 
fuch Spicula in the Blood, this learned Phy- 
fician accounts very reafonably for all the 
Symptoms ufually fucceeding the Bite of 
this Animal. 

Galen fays, the Mountebanks of his Time 
ufed* with fome Kind of Pafte, to flop the 
Perforations in the Teeth Vipers, whereby 
they kept in the Venom ; and then would 

. fuiFer themfelves to be bit, pretending their 
Antidotes prevented any ill EfFe&s. 

CHAP, 
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CHAP. XXXII. 

0/ the Snail* 

THE * Snail has four Eyes, at the End 
of optic Nerves, fheathed in her Horns, 

which ihe can draw in or thruft out, turn 
or diredt, as fixe finds moil convenient. 

When the Homs are out, cut oif nimbly 
the Extremity of one of them, and placing 
it before the Microfcope, you may difcover 
the black Spot at the End to be really a 
Semiglobular Eye. 

The Difiedtion of this Animal is very cu*» 
rious; for the Microfcope does not only £hew 
the Heart beating juft againft a round Hole 
near the Neck, which feems the Place of 
Refpiration ; but aifo the Liver, Spleen, 
Stomach, Veins, Arteries, Guts, Mouth, and 
Teeth. The Guts are green, from the Crea¬ 
ture’s eating Herbs, and branched ail over 
with fine capillary white Veins. The Mouth 
is like a Hare’s or Rabbet’s, with four or fix 
Needle-Teeth refembling thofe of Leeches, 
and of a Subftance like Horn. 

Snails are all Hermaphrodites, having 
both Sexes united in each Individual. They 
lay their Eggs with great Care in the Earth | 

* MPower’s Obfer-v. p. 38. Lister, Exerc, Anatom, 
Cochin—-S$e8, tie la Motors* Dial, XL 

and 

% 
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and the young-ones come out, when hatch¬ 
ed, with Shells completely formed, and of a 
Minutenefs proportionable to their own Size. 
Thefe little Shells enlarge, as the Snails ad¬ 
vance in Growth, by the Addition of new 
Circles, of which Circles they always conti¬ 
nue to be the Center. 

Cutting off a Snail's Head, a little Stone 
appears, * which from its diuretic Quality 
is of lingular Service in gravelly Diforders. 
Immediately under this Stone the beating 
Heart is feen, with its Auricles, which are 
membranous; all of a white Colour, as are 
alfo theVelfels iffuing therefrom. This lit¬ 
tle Stone feems intended to ferve inftead of a 
Bread;-Bone, which mod: other Creatures 
have. 

It is very remarkable, that Snails difcharge 
their Excrements at an Opening in the 
Neck, that they breathe there, and that both 
their Male and Female Parts of Generation 

v 

are dtuated near the fame Place. The Male 
Part is very long, and in Shape refembles the 
Penis of a Whale. 

* Vtd. Swam me rd, Hijl. Generate des Infettes, p. 77. 

CHAP. 
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CHAP. XXXIII. 

Of the common Fly, 

THE common Fly is adorned with Beau¬ 
ties not to be conceived without a Mi~ 

crofcope. It is dudded from Head to Tail 
with Silver and Black, and its Body is all 
over befet with Bridles pointing towards the 
Tail. The Head of it contains two large 
Eyes, encircled with Borders of Silver Hairs $ 
a wide Mouth, with an hairy Trunk or In« 
drument to take in its Food : a Pair of fhort 
Horns, feveral dirf black Bridles, and many 
other Particulars difcoverable by the Micro- 

fcope*. Its Trunk confids of two Parts, fold¬ 
ing over one another, and fheathed in the 
Mouth. The Extremity thereof is fharp 
like a Knife, for the Separation of any thing. 
The two Parts can alfo be formed occafion- 
ally into a Pair of Lips for taking up pro¬ 
per Quantities of Food j and by the Fly s 
fucking in the Air, they become a Kind of 
Pump, to draw up the juices of Fruits or 
other Liquors. 

Some Flies are much lighter coloured and 
more tranfparent than others, and in fuch 
the Motion of the Guts may be feen very 

'* Spedacl? de la Nat. Dial. VII. 

^ 0L« E Q,, didimftiy. 
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difHn&dy, working from the Stomach to¬ 
wards the Anus j and alfo the Motion of 
the Lungs, contracting and dilating them- 
felves alternately. Upon opening a FJy, num- 
berlefs Veins may likewi-fe be difcovered, 
difperfed over the Surface of its Inteftines: 
for the Veins being biackifh, and the Intef- 
tines white, they are plainly vifible by the 
Microfcope} though two hundred tboufand 
Times flenderer than the Hair of a Man’s 
Beard. According to * Mr. Leeuwenhoek, 

the Diameter of four hundred and fifty fuch 
minute Veins were about equal to the Dia¬ 
meter of a fingle Hair of his Beard; and 
confequently two hundred thoufand of them 
put together would be about the Bignefs of 
fuch an Hair. 

In mod; Kind of Flies the Female is 
furnifhed with a moveable Tube at the End 
of her Tail, by extending of which fhe 
can convey her Eggs into convenient Lloies 
and Receptacles, either in Flefh or fuch 
other Matters as may afford the young-on.es 
proper Nourishment. From the Eggs come 
forth minute Worms or Maggots, which 
after feeding for a while in a voracious Man¬ 
ner, arriving at their full Growth, become 
transformed into little brown Aurelias; 

* Arc tit at. Tom, II. p. 77. 
whence, 
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whence, after fame Time longer* they iiTue 
perfeCt Flies. 

It would be endlefs to enumerate the dif¬ 
ferent Sorts of Flies which may continually 
be met with in the Meadows, Woods, and 
Gardens j and impoffible to defcribe their 
various Plumes and Decorations, furpafiing 
all the Magnificence and Luxury of Drefs 
in the Courts of the greateft Princes. Every 
curious Obferver will find them out himfelf* 
and, with Amazement and Adoration, lift 
up his Eyes from the Creature to the 
Creator* 

CHAP. XXXIV, 

Of the Weevil, or Corn-Beetle* 

P"'g i H E Weevil and the Wolf are two 
1 Kinds of fmall InfeCts that do Abun¬ 

dance of Mifchief to many Sorts of-Grain* 
by eating into them and devouring all their 
Subftance. 

The Weevil is fomewhat bigger than a 
large Loufe of the Scarab Kind* with two 
pretty jointed tufted Horns* and a Trunk 
or Piercer projecting from the Fore-part of 
its Head. At the End of the Trunk (which 
is very long in Proportion to its Body), are a 
Sort of Forceps or {harp Teeth, wherewith 
it gnaws its Way into the Heart of the 

j Q^jz Grain* 
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Grain, either to feek its Food or depofit it® 
Eggs there. 

By keeping thefe Creatures in Glafs 
Tubes, with fome few Grains of Wheat, 
their Copulation has been difcovered, and 
likewife their Manner of Generation, which 
is thus.—- * The Female perforates a Grain 
of Wheat, and therein depofits a tingle ob¬ 
long Egg, or two Eggs at moil (a Grain of 
Wheat being unable to maintain above one 
or two of the young Brood when hatched), 
and this the does to five or fix Grains every 
Day for feveral Days together. Thefe Eggs, 
not above the Size of a Grain of Sand, in 
about feven Days produce an odd Sort of 
white Maggots, which wriggles its Body 
pretty much, but is fcarce able to move from 
Place to Place, as indeed it has no Occafion, 
being happily lodged by its Parent where it 
has Food enough. This Maggot turns into 
an Aurelia, which in about fourteen Days 
comes out a perfect Weevil. 

As many People are unacquainted with 
the Weevil, aPibture of it is given Plate XIII. 
Fig. XII. 

Wevils when in the Egg, or not come to 
their perfect State, are often devoured by 
Mites. 

* ^ Lseuwen. Epift. de fexto Augujli 1687. ad Reg. 
Societ. 

/ 
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CHAP. XXXV, 

Of the W o l f. 

TH E Wolf is a little white Worm or 
Maggot that infefts Granaries and 

Corn-chambers, and unlefs proper Care be 
taken will do unfpeakable Damage.-—-I call 
it a Worm or Maggot, becaufe under that 
Form it does the Mifchief, though in its 
perfect State it is really a fmall Moth, whofe 
Wings are white, fpotted with black Spots. 

This little Maggot has fix Legs; and, as 
it creeps along, there blues from its Mouth 
an exceeding fine Thread or Web, by which 
it faftens itfelf to every Thing it touches, fo 
that it cannot fall. Its Mouth is armed with 
a Pair of reddifh Forceps, or biting Inftru- 
ments, wherewith it gnaws its Way, not only 
into Wheat and other Grain, but perforates 
even wooden Beams, Boxes, Books, and al- 
moll any thing it meets with. 

Towards the End of Summer, this per¬ 
nicious Vermin (in Corn-chambers infefied 
with them) may be feen crawling up the 
Walls in great Numbers, in Search of pro¬ 
per Places where they may abide in Safety 
during their Continuance in their Aurelia 
State : for when the Time of undergoing a 
Change into that State approaches, they for- 

CL 3 lake 
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fake their Food, and the little Cells they had 
formed of hollowed Grains of Corn, clotted 
together by Means of the Web coming from 
their Mouths, and wander about till they 
find fome Wooden Beam, or other Body to 
their Mind, into which they gnaw Holes 
with their fharp Fangs, capable of conceals 
Jng them ; and there enveloping themfelves 
in a Covering of their own Spinning, foon 
become metamorphofed into dark-coloured 
Aurelias 

Thefe Aurelias continue all the Winter 
unadive and harmlefs : but about April or 
May, as the Weather grows warm, they 
are transformed anew, and come forth 
Moths of the Kind above defcribed, They 
may then be feen in great Numbers taking 
little Flights, or creeping along the Walls > 
and, as they eat nothing in their Fly-ftate, 
are at that Time not mifchievous. But they 
foon copulate and lay Eggs (fhaped like Hen’s 
Eggs, but not larger than a Grain of Sand), 
each Female fixty or feventy, which, by 
Means of a Tube at the End of her Tail, fire 
thruffs or infinuates into the little Wrinkles, 
Hollows, or Crevices, of the Corn j where, 
in about fixteen Days, they hatch, and then 
the Plague begins : for the minute Worms 
or Maggots immediately perforate the Grain 

? Vide Experiment* & Centmpl. Epift. 71. 

they 
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they were hatched upon, eat out the very 
Heart of it, and with their Webs cement 
other Grains thereto, which they likewife 
fcoop out and devour, leaving nothing but 
Hufks and Duft, and fuch a Quantity of 
their Dung as (hews them to be more vo¬ 
racious InfeCts than the Weevil. 

The watchful Obferver has two Opportu¬ 
nities of destroying this Vermin, if they hap¬ 
pen to be got among his Corn. One is, when 
theyforfake their Food and afcend the Walls., 
which they will fometimes almoft cover : 
the other, when they appear in the Moth 
State. At both thefe Times they may be 
crufhed to Death again ft the Walls'in great 
Numbers by clapping Sacks upon them. 
But they may ftill be exterminated more 
effectually, if, clofing up all the Doors and 
Windows, the Corn-chamber be filled with 
the Fumes ofRrimftones by leaving it burning 
on a Pan of Charcoal, without giving it any 
Vent for twenty-four Hours. Great Caution 
however muft be ufed, to open the Win¬ 
dows and Doors, and let all the Fumes be 
entirely gone before any body enters the 
Place afterwards, for Fear of Suffocation. 
The Fumes of Sulphur are in no wife hurt¬ 
ful to the Corn, or give it any Tafte. 

The Picture of the Wolf in its Reptile 
State (when it goes by that Name) is fhewn 
Plate XIII. Fig. XIII. 

0.4 Its 
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Its Appearance when transformed into a 
Moth is feen Fig. XIII. b. 

Old Corn is lefs fubjedt to thefe devouring 
Infedts than Corn that is new; for its Skin 
being more hard and dry it is much more 
difficult for the little Maggots when firlt 
hatched to penetrate 

CHAP. XXXVI. 

Of the pearled Eyes of ^ Insects. 

TH E Eyes of InfeBs are amazing Pieces 
of Mechanifm, whofe Structure and 

Difpofiiion, without the Affidance of the 
Microfcope, would for ever have been un¬ 
known to us.—Beetles, Dragon-flies, Bees, 
Wafps, Ants, common Flies, Butterflies, and 
many other InfeBs, have two Crefcents, or 
immoveable Caps, compobng the greated 
Part of the Head, and containing a prodi¬ 
gious Number of little Hemifpheres or round 
Protuberances, placed with the utmod Re¬ 
gularity and Exadtnefs in Lines eroding each 
other, and refembling Lattice-work. Thefe 

* I call this Jnfe£lthe Wolfi.rom the Latin Name Lupus ; 
given, I fuppofe, for its Voracioufnefs. 

f Vide Spectacle de la Nature, Dial. VIII. Hook’s Microg. 
p. 108. Lee uw. Arc. Nat. Tom. III. Part. II. p. 41. Again, 
p. 424. Derham’s Phyf TbeeL 364. 

* are 
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are a Collection o(Eyes, fo perfectly fmooth 
and polilhed, that like fo many Mirrors they 
reded: the Images of all outward ObjeCts. 
One may fee the Figure of a Candle multi¬ 
plied almoft to Indnity on their Surfaces, 
drifting its Beam into each Eye, according 
to the Motion given it by the Obferver’s 
Hands : and as other Creatures are obliged 
to turn their Eyes to Objects, this Sort have 
fome or other of their Eyes always ready 
directed towards Objects on whatever Side 
they prelent themfelves. In fliort, all thefe 
little Hemifpheres are real Eyes, having in the 
Middle of each a minute tranfparent Lens 
and Pupil, through which Obje&s appear 
topfy-turvy as through a convex Glafs: 
This becomes alfo a fmall Telefcope when 
there is a juft focal Diftance between it and 
the Lens of the Microfcope. It is alfo rea- 
fonable to believe, that every Lenshzs a did- 
tindt Branch of the Optic Nerves adminif- 
tring to it: and yet, that Objects are mot 
multiplied, or appear otherwife than dngle, 
any more than they do to us, who fee not an, 
QbjeCt double though wTe have two Eyes. 

Every Man almoft that has feen a Micro- 
fcope has been entertained with a View of 
thefe minute Eyes, and yet very few perhaps 
have well conddered either the Nature or 
the Number of them. Mr. Hook com- 
puted fourteen thouland Hemifpheres in the 



2q 8 Of the pearled Eyes of Infe&s. . 

(wo Eyes of a Drone, viz. feven thoufand 
in each Eye. Mr. Leeu#enhoek reckoned 
0t thoufand two hundred thirty-'fix in a 
Silk-Worm $ two Eyes when in its Fly-State; 
three thoufand one hundred eighty-one in 
each Eye of a Beetle; and eight thoufand 
in the two Eyes of a common Fly. The 
JLibepd; Adder-Bolt, of Dragon-Fly, is the 
ihoft remarkable of all the In Eds we know 
for its large and fine pearled Eyes ; which, 
even with a common Readirig-glafs, appear 
like the Skin we call Shagreen. Mr. Leeu¬ 

wenhoek reckons in each Eye of this 
Creature twelve thoufand five hundred forty- 
four Lenfes, of, in both, twenty-five thou- 
fand eighty-eight; placed in an hexangular, 
Pofition, each Lens having fix others round 
it; which is alfo the Order mold common 
in other Eyes. Ele like wife obferved in the 
Center of each Lens a minute tranfparent 
Spot, brighter than the reft, and fuppofed to 
be the Pupil through which the Rays of 
Light are tranfmitted upon the Retina. This 
Spot had three Circles furrounding it, and 
feemed feven Times lefs than the Diameter 
of the whole Lens. We fee here, in each of 
thefe exceedingly minute lenticular Surfaces, 
as much Accuracy in the Figure and Polifhf 
and as much Contrivance and Beauty, as in 
tile Eye of a Whale or an Elephant: and 
how delicate, how exquifitely delicate, mu ft 
the Filaments of the Retina be which ferve 

to 
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to each of thefe, fince the whole Picture of 
Objeds painted thereon mufl be Millions of 
Times lefs than the Images of them pic¬ 
tured on the human Eye! 

If we cut off the Eye of a Dragon-Fly, of 
a Drone, or a common Fly, and with a Pencil 
and fome clean Water wa£h out all the Vef- 
fels, thofe Veffels may be examined by the 
Microfcope, and the Numbers of them will 
appear wonderful and furprizings and then 
if the outward Covering be dried carefully; 
fo as not to (brink, it will be rightly pre¬ 
pared for making Experiments with the 
Microfcope: arid, upon vievHng it, we Oral! 
perfedly diflingUifh the numerous Protu¬ 
berances or Hemifpheres, divided from one 
another, with a fmall Light iffuing between 
them, and fix Sides to each. Mr. Leeu¬ 

wenhoek, having prepared an Eye in this 
Manner, placed it a little farther from his 
Microfcope than when he would examine an 
Objed : fo as to leave a right and exad fo¬ 
cal Dftance between it and the Lens of his 
Microfcope; and then looking through both, 
in the Manner of a Pelefcope, at the Steeple 
of a Church, which was two hundred ninety 
and nine Feet high, and feven hundred and 
fifty Feet from the Place where he flood, he 
could plainly fee, through every little Lens^ 
the whole Steeple, inverted, tho’ not larger 
than the Point of a fine Needle: and then 

diredinpv 
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directing his View to a. neighbouring Houle, 
he faw, through Abundance of the little He™ 
mifpheres, not only the Front of the Houfe, 
butlikewife the Doors and Windows ; and 
was able to difeern di&indtly whether the 
Windows were Ih-ut or open. 

There can be no Doubt, that Lice, Mites, 
and Multitudes of other Animalcules much 
fmaller Fill than they, have Eyes contrived 
and falhioned to difeern Objects fome thou- 
fands of Times lefs than themfelves: for fo 
the minute Particles they feed on, and many 
other Things neceffary for them to diffcin— 
guilh and know perfectly, mull certainly 
be.—What a Power then of magnifying are 
fuch Eyes endued with ! and what extraor¬ 
dinary Difcoveries might be made, were it 
poffible to obtain Glades through which we 
could fee as they do ! 

C H A P. XXXVII. 

Of the Antennas, Feelers, or Horns of 
Insects. 

ripHE Horns of Inf eels have been thought 
by many defigned only to clean their 

Eyes, by wiping off any Duff that may fall 
thereon : but as we condantly obferve them 

performing 
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performing that Office with their Fore-legs, 
it is certain their Horns muff be intended for 
fome other Purpofe. And fince they are 
perpetually feeling before them with their 
Antenna as they walk along, *Mr. Derham 

very realonably imagines them abfohttely 
neceffary to fearch and find out their Way. 
For as their Eyes are immoveable, fo that 
no Time is required for their turning them 
to Objedts, there is no Neceffity that the 
'Retina, or Optic Nerve, fhould occafionally 
be brought nearer to, or removed farther 
from the Cornea, as it is in other Animals % 
which would require Time: but their Cornea 
and Optic Nerve being always at one and 
the fame Diftance, and fitted only to fee 
diftant Objedts ; they would be infenfible 
of, and apt to run their Heads againft Bodies 
very near them, were they not affifled by 
their Feelers. 

And that this, rather than wiping the* 
, Eyes, is the ehief Ufe of the Feelers, is far¬ 

ther manifeft from thq Antenna of the Flejh- 
Fly, and many other Infedts, which are 
fhort and ffcrait, and uncapable of being bent 
down to, or extended over the Eyes : as alfo 
from others enoraioufiy long, fuch as thofe 
of the Capricorni or Goat Chafers, the 
Cadew Fly, and divers others both Beetles 
and Flies. ■ . .. • , 

# Derkam’s Phypca-Tfitcltf. 365. 

The 
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The lamellated Antennae of fome, thg 
clavellated of others, the Topknots or Tufts 
like Dandelion Seeds, the branched, the fea* 
thered, and divers other Forms of Horns of * . 
the Beetle, Butterfly, Moth, Gnat, and many 
Kinds befide, are furprizingly beautiful 
when viewed thro’ a Microfcope. And in 
fome thefe Antennae difiinguifh the Sexes : 
for in the Gnat-kind all thofe with Tufts, 
Feathers, or Brufh-horns (of which there 
are great Varieties), are Males : thofe with 
fhort fingle-mafted Horns are Females. 

CHAP. XXXVIII. 

Of the Wings of Insects. 

THERE is fuch infinite Variety in the 
Contexture, Formation, Difpofition, 

and Ornaments of the Wings of Infers, ac¬ 
cording to their different Wants and Ways of 
Life, that nothing but a curious Obfervation 
can make us have any true Conception of it. 
Some Wings are filmy, as thofe of Dragon- 
Flies', others are fluck over with fhort Brifi* 
ties, as in Flefh-flies: fome are Films cover¬ 
ed with fhort Feathers, like the Tiles of a 
Houfe, as in Butterflies and Moths; others 
have divided Wings, as the grey and white 

6 feathered 

/ 
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feathered Moth. The Wings of many Sorts 
of Gnats are adorned with Rows of Feathers 
along their Ridges, and Borders of Feathers 
round their Edge. Some again have Hairs, 
and others Hooks, placed with the greAefl: 
Regularity and Order. All of the Scarab 
Kind have Elytraf or Cafes, into which their 
Wings are folded and preferved until they 
want to employ them. Some of thefe Cafes 
reach almoft to the Extremity of the Tail, 
as in moft Kinds of Beetles and others are 
very fhort, as in the Ear-Wig. Many of 
them are likewife extremely beautiful when 
brought before the Microfcope. 

All thefe Kinds of Wings have certain 
bony Parts or Ribs, that give them Strength, 
along the Sides of which run large Blood- 
Veffels, branching out into numberlefs Di- 
viiions, and conveying Nourifhment to the 
intermediate Parts: for tho* no Circulation 
can be difcerned in them, it being probably 
extremely flow, we can fcarce doubt that 
there muff be continually a Supply of Juices 
to the Quills, Hairs, or Briflles, wherewith 
they are armed or ornamented. 

As to Motion, Wings that are filmy move 
fafler than thofe covered with Feathers. Mr. 
Hook obferves, that in the Wings of fame 
minute Flies there are many hundreds, if 
not thoufands of Vibrations in a Second, 
and fuppofes them the fvvifteil Vibrations in. 

the 
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the Worlds whence he reflects very ingeni- 
oufly, on the Quicknefs of the Animal Spi« 
rits, that ferve to fupply this Motion. 

Thofe converfant in Micr of copes need not 
be informed, that the beautiful Colours on 
the Wings of Butterflies and Moths are ow¬ 
ing to elegant minute Feathers ending in 
Quills, and placed with great Exadtnefs in 
orderly Rows as, when rubbed off, the 
Holes they come from iliew : but few, it 
may be, have much ohferved the great Va¬ 
riety of their Make, not only in Moths and 
Butterflies of different Sorts, but even in 
thofe taken from different Parts of the fame 
Wing; infomuch that it is pretty difficult 
to find any two of them exactly alike. 

Rub thefe Feathers gently off, with the 
End of your Finger or Pen-knife ; and, 
breathing upon a Angle Talc in one of your 
Sliders, apply It to the Feathers, which feem 
only like a fine Dull:, and they will imme¬ 
diately adhere to it: then placing it before 
the Micrcfcope, if they are not perfect, or 
lie not to your Mind, wipe them off, and put 
on others in the fame Manner, till you get 
thofe you like : then cover them with ano¬ 
ther Talc, and fallen it down with a Wire, 
that you may preferve them for future Ex¬ 
amination. Look at them with the third or 
fourth, then with the fecond, and at laftwith 
the greateji Magnifier, . 
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The Wing ©f a Midge is a moil curious 
Object, and fo indeed is every Part of that 
minute InfedL The Wing of the little Plume 
Moth is compofed of feveral diftind: Quills, 
like thofe of Birds. There are alfo Wings 
folded up in the little Cafes on the Backs of 
Earwigs, very pretty to examine. But no 
more need be faid of Wings, fince every 
body mud; be fenflble the great Variety of 
them is an endlefs Subjed: of Enquiry and 
Admiration. 

CHAP. XXXIX. 

Of the Balances or Poifes g/Tnfedts. 

MOST Infed:s having but two Wings, 
are provided with a little Ball or 

Bladder under each, fet at the Top of a (len¬ 
der Foot-ftalk, which is moveable every Way 
at Pleafure. With thefe they balance them- 
felves in Flight as a Rope-Dancer does with 
his Pole leaded at each End; and if one of 
them be cut off, the Creature flies for a while 
very awkwardly, as if over-heavy on one Side, 
and falls at lad to the Ground. Thefe Blad¬ 
ders being hollow may ferve like wife to pro¬ 
duce the Noife many Sorts of Flies make, by 
Ariking their Wings againA them, and be a 
Means of finding out one another. In fame 
' Vol, I. R Creatures 
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Creatures they hand alone, but the whole 
Fly Tribe have little Covers or Shields under 
which they lie and move. Infedts that have 
four Wings balance themfelves with the 
two leffer ones, and as they want not, have 
none of thefe little Poifes. The Microfcope 
may probably find out fiill farther Beauties* 
Contrivances* and Ufes for them than have 
been yet difcovered. 

CHAP. XL, 

Of tht Scales of Fishes. 

TH E Scales or outfde Coverings of Fijhes 
are formed with furprizrng Beauty 

and Regularity; and, in different Kinds of 
them, exhibit an endlefs Variety in Figure 
and Contexture. Some are longifh, fome 
round, fome triangular, fome fquare, and 
fome or other of all Shapes we can well ima¬ 
gine. Some again are armed with fharp 
Prickles* as thofe of the Pearch, Soal, &c^ 
Others have fmoo.th Edges,, as of the Cod* 
ffh. Carp, 'Fench, &c. There is like wife a 
great Variety even in the fame Fifh; for the 
Scales taken from the Belly, the Back, the 
Sides, the Head, and all the other Parts, are 
very different from one another. And, in¬ 
deed, for Variety, Beauty, Regularity,, and 
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the Order of their Arrangement, the Scales 
of Fifties bear a near Refemblance to the 
Feathers on the Bodies and Wings of Moths 
and Butterflies. 

Thefe Beales are not fitppofed to be ftied 
every Year *, nor 'during the whole Life of 
the Filh but to have an annual Addition 
of a new Scale, growing over and extending 
everyWay beyond the Edges of the former, 
in proportion to the Fifh’s Growth fame- 
what in the fame Manner as the Wood of 
Trees enlarges yearly by the Addition of a 
new Circle next the Bark. And as the Age 
of a Tree may be known by the Number of 
Ringlets its Trunk is made up of, fo inFifhes 
the Number of Plates compoflng their Scales 
denote to us their Age. It is alfo probable, 
that as there is a Time of Year when Trees 
ceafe to grow, or have any farther Addition 
to their Bulk, the fame Thing happens to 
the Scales in Fifties; and that afterwards, 
at another Time of Year, a new Addition, 
Increafe, or Growth, begins. Somewhat like 
this in Birds and Beads their Feathers and 
Hairs demondrate. 

Mr. Leeuwenhoek took fome Scales 
from an extraordinary large Carp, forty-two 
Inches and a half long, and thirty-three and 
a quarter in the Round, Rynland Meafure, 

f Vid. Leeuwen. Epift. PhyfioU Epift, 24 Maii, 1716, 

R z which 
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which were as broad as a Dollar. Thefe he 
macerated in warm Water to make them 
cut the eafier : and then cutting obliquely 
through one of them, beginning with the 
firfl-formed and very little Scale in the Cen¬ 
ter, he, by his Microfcope, plainly diflin- 
guifhed forty Lamella or Scales, glewed as it 
were over one another ; whence he conclud¬ 
ed, that the Fifh was forty Years of Age 

It has generally been imagined, that an 
Lei has got no Scales; but if its Slime be 
wiped clean away, and the Skin be examined 
by a Microfcope, it will be found covered 
with exceeding fmall Scales, ranged in a 
very orderly and pretty Manner; and I be¬ 
lieve few Fillies, unlefs fuch as have Shells, 
are to be found without Scales. 

The Way of preparing Scales is to take 
them off carefully with a Pair of Nippers, 
wafh them very clean, and place them in a 
fmooth Paper, between the Leaves of a 
Book, to make them dry flat, and prevent 
their fhrivelling up. Then place them be¬ 
tween your Talcs in Sliders, and keep them 
for Examination. 

The Snake, the Viper, the Slow -worm, 
the Lizard, the Eft, &c. afford a farther 
Variety of Scales. 

# Arc. Nat. Tom. III. pag. 214. 

CHAP. 
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CHAP. XLI. 

Of the Oyster* 

IN the clear Liquor of an Oyfier many 
little round living Animalcules have been 

found, whofe Bodies being conjoined, formed 
fpherical Figures, with Tails, not changing 
their Place but by finking towards the Bot¬ 
tom, as being heavier than the Fluid : thefe 
were feen fometimes feparating, and prefent- 
ly afterwards coming together and joining 
themfelves again. In other Oyfters Animal¬ 
cules of the fame Kind were found, not con- 
j oined, but fwimming by one another, whence 
they feemed in a more perfect State, and 
were fuppofed by Mr. Leeuwenhoek to 
be the Animalcules in the Row or Semen of 
the Oyjler 

A Female Oyfier being opened, incredible 
Multitudes ofminute Embry o-Oy/lers covered 
with little Shells perfectly tranfparent were 
plainly feen therein, fwimming along flow- 
ly: in another they were found of a browmiflb 
Colour without any apparent Life or Mo¬ 
tion. Monfieur Joblot kept the Water 
running from Qyfiers three Days, and it ap¬ 
peared lull of young Oyfiers that fwam about 

• Arcan. Nat. Tons. II. Par. I. p. 52. Again, p. 145. 

R 3 nimbly. 
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nimbly, and increafed in Bignefs daily. A 
Mixture of Wine, or the very Vapour of 
Vinegar, killed them. 

In the Month of Augujl Oyflers are fup-* 
pofed to breed, becaufe young-ones are 
then found in them. Mr. Leeuwenhoek 

opened an Oyfler on the fourth of Augujt, 
and took out of it a prodigious Number of 
minute Oyflers all alive, and fwimming 
brifkly in the Liquor, by the Means of cer¬ 
tain exceeding fmall Organs extending a little 
Way beyond their Shells, which he calls their 
Beards. In thefe little Oyflers he could dif- 
tinguifh the joining of the Shells: and per¬ 
ceive fome that were dead, with their Shells 
gaping, and as like large Oyflers in Form as 
one Egg is like another. 

As for the Size of thefe Embryo-Oyflers, 
he computes, that one hundred and twenty 
of them in a Row would extend an Inch; 
and, confequently, that a globular Body, 
whofe Diameter is an Inch, would, if they 
were alfo round, be equal to one Million 
feven hundred and twenty-eight thoufand of 
them. * He reckons three or four thou¬ 
fand are in one Oyfler, and found many of 
the Embryo-Oyflers among the Beards, fome 
faftened thereto by flender Filaments, and 

-   ——  -” * 

f Vide Ate* Nat. Tom* IV. p. 513* 
other! 
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others lying loofe. Helikewife found other 
Animhlciiles in the Liquor five hundred 
Times fmaller than Embryo-Cyders.' 

CHAP. XLII. 

Of the Light on Oysters. 

IT is not very uncommon to fee on the 
Shells of Cyders, when in the Dark, a 

fining Matter, or blewif Light, like the 
Flame of Brimdone, which dicks to the 
Fingers whentouched, and continues fhining 
or giving Light a confiderable Time, tho* 
without any fenfible Heat *. Monf. Auxaut 
obferved this fining Matter with a Micro- 

fcope, and difcovered it to condd of three 
Sorts of Animalcules. The iird whitifh, 
having twenty-four or twenty-five Legs on 
each Side, forked a black Speck on one 
Part of the Head ; the Back like an Eel 
with the Skin dripped off. The fecond Sort 
red, refembling the common Glow-worm, 
with Folds on its Back, but Legs like the 
former, a Nofe like a Dog’s, and one Eye 
in the Head. The third Sort fpeckled, a 
Head like a Soal, with many Tufts of whitifh 
Hairs on the Sides thereof. Fie faw alfo 
fome much larger .and greyifh, having a 

f1 ir| f— " -    i-.... .....in ■» 
1 

* Vid. Phil, Tranf Numb. 12, 
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great Head, two Horns like a Snail's, and 
fix or eight whitifh Feet: hut thefe fhined 
not. 

As the Bodies of Lobders and fome 
other Kinds of Fifhes, tainted Flefh, rotten 
Wood, and other Subdances, are fometimes 
found to fhine with a Light refembling the 
foregoing, may it not probably proceed from 
the fame Caufe, namely, from Animalcules ?■ 
Some have alfo fuppofed, that the Ignis Fa- 
ililts, Will-in-a-WiJp, or Jack-a-Lanthorn, 
is nothing elfe but a Swarm of minute flying 
Infedts, that emit Light around them in the 
Manner Glow-worms do : and, indeed, the 
Motions and feveral other Circumdances of 
this Sort of Fire (if I may fo term it) feem 
favourable to fuch Opinion. 

The Curious will judge it proper to ex¬ 
amine this Matter carefully, and to them it 
is fubmitted. 

CHAP. XLIII. 

Of the Muscle. 

I Have obferved already, in the 127th Page 
of this Treatife, that a Mufcle is a mod: 

delightful Object for the Microfcope and 
that, in the tranfparent Membrane which 
immediately appears on opening of the Shell, 

the 
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the Blood may be feen circulating through 
an amazing Number of Veffeis, even in the 
fmalleft Particle of it that can be applied for 
Examination. 

Mr. Leeuwenhoek, in feveral that he 
differed, difcovered Numbers of Eggs, or 
Embryo-Mufcles, in the Ovarium, appearing 
as plainly as if he had feen them with the 
naked Eye, lying with their {harp Ends 
fattened to the Strings or Veffeis whereby 
they receive Nourittiment. Thefe minute 
Eggs, or Embryo-Mufdes, are, in due Time, 
laid or placed by the Parent in a very re¬ 
gular and clofe Order on the Outiide of the 
o 

Shell: where, by Means of a glewy Master, 
they adhere very faft, and continually in- 
creafe in Size and Strength, till, becoming 
perfect Mufcles, they fall off and fhift for 
themfelves, leaving the Holes where they 
were placed behind them. This Abundance 
of Mufcle-Shells viewed by the Mlcrofcope 

can {hew. Sometimes two or three thoufand 
of thefe Eggs adhere to the Shell of one 
Mufcle; but it is not certain they were all 
ttxed there by the Mufcle itfelf, for they 
frequently place their Eggs on one another’s 
Shells. The fringed Edge of the Mufcle, 
which Mr. Leeuwenhoek calls the Beard, 
has in every the minutett Part of it fuch a 
Variety of Motions as is inconceivable : for 
being compofed of longifh Fibres, each Fibre 
has on both Sides a vaft many moving Parti- 

2 cles, 
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cles, which one would aimed: imagine to be 
Animalcules *. 

The Threads or Strings, which we term 
the Beard, are compofed of a Glew which 
the Mufcle applies by the Help of its Trunk 
to fome fixed Body, and draws out as a Spi¬ 
der does its Web, thereby faftening itfelf, 
that it may not be wafhed away. If Mufcles 
be put into Salt and Water, we may have 
the Pleafure of feeing them perform this 
W~ork, and faden themfelves to the Sides or 
Bottom of the Veffel we place them in. 

Cockles, Scallops, Limpets, Periwinkles, 
and Abundance of other Shell-dfh, are Ob¬ 
jects that have as yet been very flightly ex¬ 
amined by the Microfcope 3 and therefore the 
ferious Enquirer into Nature’s fecret Opera¬ 
tions may here be certain of difeovering 
Beauties which at prefent he can have na 
Conception of. 

* Phil. Tran/. Numb. 336. Arc, Nat. Tom. II. p. 19. 
Tom, IV. p« 423, &c. 

CHAP^ 
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CHAP. XLIV 

Of Hair s„ 

H E Hairs of Animals are very differ- 
X ent in their Appearance before the 

Microfcopey and can furnifh out a great Va¬ 
riety of pleafing Obfervations. Malpighi 

difcovered them to be tubular, that is, com- 
pofed of a Number of extremely minute 
Tubes or Pipes, in his Examination of a 
Horfe’s Mane and Tail, and in the Bridles 
of a Boar. Thefe Tubes were mod difiin- 
guifhable near the End of the Hairs, where 
they appeared more open : and he fometimes 
could reckon above twenty of them. In the 
Hedge-hog’s Prickles, which are of the Na¬ 
ture of Hairs, he perceived thefe Tubes ve¬ 
ry plainly, together with elegant medullary 
Valves and Cells. 

There are alfo in the Hairs of many Ani¬ 
mals, in fome tranfverfe, in others fpiral 
Lines, fomewhat of a darker Colour, run¬ 
ning from Bottom to Top in a very pretty 
Manner. A * Moufe’s Flairs are of this 
Sort; they appear as it were in joints like 
the Back-bone, are not fmooth but jagged 
on the Sides, and terminate in the fharped 
Point imaginable. Hairs taken from a 

# Yid, drc, Nat, Tom. Ill, p. 47, 
Moufe’s 



246 Of Hairs. 
Moufe’s Belly are leaft opake, and fitted; for 
the Microfcope. 

The Hairs of Men, Horfes, Sheep, Hogs* 
&c. are compofed of fin all, long, tubular 
Fibres or fmaller Hairs, encompafied with a 
Rind or Bark? from which Structure a fplit 
Flair appears like a Stick fhivered with beat¬ 
ing. They have Roots of different Shapes 
in different Animals, become lengthened by 
Propulfion, and are thicker towards the 
Middle than at either End. 

Hairs of hidtan Deer are perforated from 
Side to Side : our Englijh ones feem covered 
with a Kind of fcaly Bark. The Whifkers of 
a Cat, cut tranfverfely, have fomewhat in 
the Middle like the Pith of Elder. * The 

1 

Quills of Porcupines or Hedge-hogs have 
alio a whitifh Pith in a Star-like Form : and 
a human Flair cut in the fame Manner fliews 
a Variety of Veffels in very regular Figures. 

Hairs taken from the Head, the Eye¬ 
brows, the Nofcrils, the Beard, the Hand, 
and other Parts of the Body, appear unlike, 
as well in the Roots as in the Hairs them- 
felves, and vary as Plants do of the fame 
Genus, but of different Species. 

* Hook’s Microg. p. 157. 

CHAP. 
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CHAP. XLV. 

Of the Farina of Flowers. 

H E Farina, or mealy Powder, found 
1 on the little pendant Tops of almoft 

every Flower, is feme what fo analogous to 
the Semen of Animals, that it deferves the 
flridtefl and mod attentive Examination, 

This Powder, whofe Colour is different in 
Flowers of different Kinds, was imagined, 
by former Ages, to he a mere excrement!-* 
tious and unneceffary Part of the Plant: but 
the Microfcope here alfo has made furprizing 
Difcoveries, by fhewing, that all the minute 
Grains of this Powder are regular, uniform, 
and beautiful little Bodies, conffantly of the 
fame Figure and Size in Plants of the fame 
Species, but in different Kinds of Plants as 
different as the Plants themfelves. 

It was impoffible to obferve this Order 
and Configuration of the Farinae, without 
concluding, that Providence, which never 
a£ts in vain, muff intend a nobler Ufe for 
Bodies fo regularly formed, than to be difli- 
pated by the Winds and loft. This Refledlion 
drew on farther Examination; and farther 
Examination, by the Help of the fame In- 
flrument, foon difeovered, that this Powder 
is produced and preferved with the utmoft 

Care, 
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Care, in Veflels wonderfully contrived to 
open and difcbarge it when it becomes ma-* 
ture : that there is likewife a Pifiil, Seed- 
Vejfel> or Uterus, in the Center of the Flower, 
ready to receive the minute Grains of this 
Powder, as they either fall of themfelves, or 
are blown out of their little Cells. And 
Experience, founded on numberlefs Experi¬ 
ments, proves, that on this depends entirely 
the Fertility of the Seed: for if the Farina- 
Vejfels be cut away before they open and 
ihed their Powder, the Seed becomes barren 
and unproductive. 

This Farina is therefore judged to be the 
Male Seed of Plants, and every little Grain 
of its Powder may poffibly contain in it a 
minute Plant of the Species whereto it be¬ 
longs.—It is wonderful to obferve the va¬ 
rious Contrivances Nature employs to pre¬ 
vent this Powder from being unprofitably 
difperfed, and to aflift its Entrance into the 
proper Pifiil, Seed-Veff'el, or Uterus, prepared 
for it. The Tulip, for Inftance, which Eands 
upright, has its Pifiil fhorter than the Fari- 

na-Veffels, that the Powder may fall diredlly 
on it; but in the Martagon, which turns 
downwards, the Pijlil is longer than the faid 
Veffels, and fwells out at its Extremity, to 
catch the Farina hanging over it as it 
theds. 

A Mind 
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A Mind inquifitive into Nature's hidden 
Beauties will find inexpreflible Delight in 
examining and confidering the endlefs Va- 
riety difcoverable in the Farina of number- 
lefs vegetable Species. In that of the Mal¬ 
low, each little Grain appears to be an opake 
Ball with Prickles iffuing from it on every 
Side. The Sun-Flower Farina feems com- 
pofed of flat circular minute Bodies, fharp- 
pointed round the Edges; the Middle of 
them appears tranfparent, and exhibits fome 
Refemblance of the Flower it proceeds from. 
The Powder of the Tulip is exactly fhaped, 
like the Seeds of the Cucumbers and Melons. 
The Farina of the Poppy appears like Pearl- 
Barley, with a Furrow, as in that, reaching 
from End to End. That of the Lily is a 
great deal like the Tulip. 

I will not anticipate the Pleafure of the 
Curious, or take up their Time in defcrib- 
ing more of the Farina, which every Flower 
they come at prefents to their Examination 9 
but advife them, not to negledl the Veffels 
that contain it, for they will find Beauties in 
them alfo fufhcient to reward their Pains. 

Gather your Farina in the Midft of a 
fun-fhiny dry Day, when all the Dew is off: 
be careful not to fqueeze or prefs it, but 
fhake or elfe gently brufh it off with a foft 
Hair Pencil upon aPiece of clean white Pa- 

1 o per9 
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per. Then take a fmgle Talc or Ifmglafs 
between your Nippers, and, breathing on it, 
apply it inftantly to the Farina, which the 
Moifliure of your Breath will make adhere to 
it. If too great a Quantity of Powder feeras 
flicking to your Ifmglafs, gently blow off a 
little •, if there be not enough, breathe on it 
again, and touch the Farina with it as be¬ 
fore. Then put your Glafs into the Hole of 
a Slider, and apply it to the Microfcope, to 
fee if the little Grains are fpread according to 
your Liking ; and when you find they are, 
cover them cautiouily with another Talc, 
which fallen down with a Brafs-wire ; but 
let not the Glaffes prefs hard upon the Fa¬ 
rina, for that will deflroy its true Figure, 
and reprefent it different from what it is. 

A Collection of the mofc remarkable 
Farinoe thus preferved mufe be a lading 
Entertainment to thofe who fhidy Na¬ 
ture : to fuch I alfo recommend a diligent 
Examination of the little Cells that con¬ 
tain the Farina, and likewife of the Piftils 
or Uteri, and other Parts of Generation in 
Flowers. Let them only begin with the 
Arch-Angel, or blind Nettle with a white 
Flower, or'even with the common Mallow, 
and they will difcover Beauties impoffible to 
be defcribed. And as every other Flower 
has Organs for the fame Purpofe, though of 
a different Form and Structure, here are 

Wonders 
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Wonders in Abundance for the Microfcope to 
difcover, and happy the Man who can find 
irsofi: Leifure to explore thefe Worlds as yet 
unknown ! 

I fhali add only one Obfervation more 
before I leave this Head, which is, that as 
the Animalcules in Semine differ not in Big- 
nefs according to the Size of thofe Animals 
whence the Semen comes : fo the minute 

Grains compofing the Farina of Vegetables 
are not bigger or lefs in Proportion to the 
Size of the Plants producing them, but are 
often the diredl contrary ; as we find by the 
Farina of the little creeping Mallow, the 
Globules of which are larger than thofe of 
the lofty gigantick Sun-flower. 

CHAP. XL VI* 

Of Seed s. 

EACH Seed includes a Plant: that plant, again. 
Has other Seeds, which other plants contain : 

Thofe other Plants have all their Seeds; and Thofe 
More Plants, again, fucceffively inclofe. 

Thus, ev’ry lingle Berry that we find, 
Has, really, in itfelf whole Forefis of its Kind. 
Empire and Wealth one Acorn may difpenfe. 
By Fleets to fail a thoufand Ages hence ; 
Each Myrtle-Seed includes a thoufand Groves, 
Where future Bards may warble forth their Loves, 

Vol. I. s 
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So Adam’s Loins contain’d his large Poflerity, 
All People that have been, and all that e’er fnall be. 

’• . v * - i -i 

A^mazing Thought! what Mortal can conceive 
Such wond’rous Smallnefs!—Yet we mull believe 
What Reafon tells : for Reafon’s piercing Eye 
Bifcerns thofe Truths our Senfes can't defcry. 

1 hope to be excufed for borrowing the 
Lines above from a little Poem of my own* 
called jthe Univerfe, publiibed fome Years 
ago ; as they contain a Suppolition, which, 
however chimerical it may appear at hrft, 
will, if duly confidered, be found, perhaps* 
not only poffible, but even highly proba¬ 
ble: Malpighi, Leeuwenhoek, Hooke* 

Grew, and feveral others bear Witnefs, that 
the Microfcope has difcovered minute Plants 
not only-in the larger Seeds, fuch as the 
Walnut, Chefnut, Acorn, Beechnut, Seed 
of the Lime, Cotton-Seeds, Peafe, &c. but 
alfo in the fmaller of Radifh, Hemp, Cher¬ 
vil, Scurvy-grafs, Milliard, and Multitudes 
of other Seeds. About two Years ago, I 
likewife had the Honour to prefent the DIG 
fedtion of a Seed of the Gramen tremulum, 
or trembling GrajP with an Account there¬ 
of, to the Royal Society, wherein a perfect 
Plant appeared, with its Root, fending forth 
two Branches, from each of which feveral 
Leaves or Blades of Grafs proceeded. Thus 
far our Sight, aflifled by the Microfcope» 
is able to difcover : and as that Inff rumen t 

■ ' ' • " convinces 
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convinces us, that Nature in her Operations 
is in no wife confined to our Conceptions of 
Bignefs, but adts as freely in the minute Fa¬ 
bric of a Mite, as in the bulky Compafs of 
a Whale or Elephant; nay, that the rather 
feems to wanton in her Skill, by giving a 
greater Number of Limbs, and more nu¬ 
merous Ornaments, to the minute Creatures 
than to the larger ones. When thefe Things, 
I fay, are feen and reflected on, it is eafy to 
conceive the reff. 

Moil Kinds of Seeds muff be prepared, in 
order to difcover the minute Plants they con¬ 
tain, by ffeeping them in warm Water till 
their Coats can be feparated and their feml- 
nal Leaves opened without Laceration : tho* 
fome new Sorts may better be diffedted dry. 
But Seeds, even without any Preparation, are 
exceeding pretty Objedts, and afford infinite 
Varieties of Figure, Colour, and Decoration. 

The Seeds of Strawberries rife out of the 
Pulp of the Fruit, and appear themfelves 
like Strawberries when viewed. 

Poppy Seeds (and what we call Maw- 
Seeds, which come from Germany, and are 
produced by a Kind of Poppy) in Shape re- 
femble little Kidneys, but have Furrows or 
Ridges on their Surfaces curioufly difpofed 
with regular Sides and Angles. From thefe 
Seeds a Duff may be fhaken, that looks 
agreeable enough when brought before the 

S 2 f Micro- 
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Microfcope$ having nearly the fame Appear¬ 
ances as the Surfaces of the Seeds, with the 
Advantage of being tranfparent. This Duff 
is really the line Membranes that lay between 
the Seeds ; which, by the P re flu re of the 
Seeds againft them, have received Marks 
correfponding to the Ridges or Furrows on 
the Seeds themfelves. 

Seeds of the lefler Moon wort, of Tobacco, 
Lettuce,Thyme,Chervil, Parfley,and athou- 
fanb others, afford a delightfulEntertainment. 

The Ancients imagined thecapiliaryPlants 
and many other Rinds to produce no Seeds 
at all, and their Miftake could never have 
been rediifled by the naked Eye: but the 
Microfcope has difcovered, that all the feve- 
ral Species of Fern, Harts-tongue, Maiden- 
hair, &c. are fo far from being barren in 
this refpect, that they are amazingly fruit¬ 
ful : that the Seed-Veffels are on the Backs 
of the Leaves, and that the Duft which flies 
off when we meddle with them, is nothing' 
but their minute Seeds. Thefe Seed-Veffels 
appear to the naked Eye like a black or 
brown Scurf on the Back Side of the Leaf; 
but, when viewed by the Microfcope, refem- 
ble little circular Tubes, divided into many 
Cells containing Seeds. When the Seed is 
ripe the Veffels fly open with a Spring, and 
fpirt the Seeds out on every Side, in the 
Form of Duflc: and if at that Seafon fome 
of the Leaves are out in a Paper Cone, and 

that 
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that be held to the Ear, the Seed-VefTels may 
be heard to burft with a confiderable Nolle, 
Some of thefe minute Veffels contain at lead 
an hundred Seeds, invifible to the naked 
Eye. 

It would be tedious to enumerate the Beau¬ 
ties of Seeds, lince every trapfient Obferver 
mud: be fenfible of their great Variety : but 
I believe I dial! be excufed if I take Notice 
of the Powder or Seed of the Fungus 'Pulve¬ 
rulent ns or Puff-Ball, which, when crufhed, 
ieems to the naked Eye like a Smoke or 
Vapour; but when examined by one of the 
greated Magnifiers (for elfe it cannot be-dif- 
tinguifhed) it appears to be infinite Num¬ 
bers of little Globules of an Orange Colour, 
lomewhat tranfparent, whofe Axis is not 
above the fiftieth Part of the Diameter of a 
Hair: fo that a Cube of a Hair’s Breadth 
Diameter would be equal to an hundred and 
twenty-five thoufand of them. This was the 
Powder of a Fungus bigger than two Flits; 
but in another Sort, the Size of a final! Apple, 
the Globules were of a darker Colour, and 
had each a little Stalk or Tail Thefe are 
evidently fo many minute Puff-Balls, fur- 
nifhed with Stalks or Tails to penetrate eaiily 
into the Ground : and the Mifchief they do 

Vide PhiL ¥ranf> Numb. 284. and Dirham’s Phyf* 
TheoJ, p. 418. 
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the Eyes is probably owing to their lharp 
Stalks that prick and wound them *. 

CHAP. XLVII. 

Of Leaves. 

t 1HE Leaves of Trees or Plants are full 
of innumerable Veins and Ramifica¬ 

tions, that convey the perfpirable Juices to 
the Pores, for their Difcharge. Whether or 
no there be any Circulation in them is ftill a 
Matter of Doubt; but as their Juices, when 
let out, immediately break, coagulate, and 
become a ftiff Jelly, it feems probable there 
may be fome Circulation, which prevents 
the fame Effed in the Veffels. The fudden 
fhrinking, doling, and opening of Flowers, 
the railing and linking the Heads of Poppies, 
&c. the vermicular Motions of the Veins of 
Plants when expofed to the Air, feem alfo to 
imply famewhat like Senfation. The Micro- 

Jcope may perhaps be of Service to difcover 
much more on thefe Subjeds than we yet 
know. 

* A Puff-Ball being burlt near the Eyes of a Boy of twelve 
Years old, by an unlucky Play-fellow, and the Duf t ereof 
flying into them,occafioned fuch Swelling, Inflammation, and 
intenfe Pain, with a continual Difcharge of Water, that he 
could not open them for feveral Days ; and did not recover 
his Sight in lefs than a Fortnight, though all the Remedies 
that could be thought on were applied. Vide Joh. Muys, 

Prox. Chirur* Ration. Obferv, I. 

Mr. 
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Mr. Leeuwenhoek, tearing to Pieces a 
Leaf of the Species of Box called Palma 
Cereris, that he might examine it the better, 
computed one Side of it to be furnifhed with 
an hundred feventy-two thoufand and ninety 
Pores $ and as the other Side mud have as 
many, the whole Number of Pores in a lingle 
Leaf of Box will be three hundred forty-four 
thoufand one hundred and eighty. 

The Leaves of Rue feem full of Holes like 
a Honey-comb ; all the Kinds of St. Johns 

Wort appear likewife duck full of Pin-holes 
to the naked Eye; but the Microfcope {hews, 
that the Places where thofe Holes feem to be 
are really covered with an exceeding thin 
and white Membrane. 

The Back Side of the Herb Mercury looks 
as if rough-cad with Silver, and the Ribs full 
of white round tranfparent Balls, like num- 
berlefs Grapes, fadened by flenderFootdalks. 

A Sage Leaf appears like Rug or Shag, 
full ofKnots taiTeledwith Silver Thrums, and 
embellifhed with fine round crydal Beads or 
Pendants, fadened by little Footdalks. 

The Backdde of a Rofe Leaf but efpe- 
cially of Sweet Briar, looks diapered with 
Silver 

Every Body knows that the Leaves of 
Stinging Nettles are thick fet with fharp 

* Dr. Power’s Microfcop. Objerv» 
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Prickles, that penetrate the Skin when 
touched, and occafion Pain, Heat, and Swel¬ 
ling : which Symptoms were imagined for¬ 
merly to enfue from the Prickles being left 
in the Wounds they make. But the Micro- 

/cope difcovers fornething much more won¬ 
derful in this common Vegetable, and fhews 
that its Prickles are formed and ad in the 
fame Manner as the'Stings of living Animals. 
For every one of them is found to he a rigid 
hollow Body, terminating in the moil acute 
Point imaginable, with an Opening near its 
End. * At the Bottom of this Cavity lies 
a minute VefTe! or Bag, containing a limpid 
Liquor, which, upon the lead: touching of 
the Prickle, is fquirted thro’ the little Out¬ 
let ; and, if it enters the Skin, produces the 
Mifchiefs before-mentioned by the Pungen¬ 
cy of its Salts. Hence it comes £0 pafs, that 
when the Leaves of Nettles are confiderably 
dried by the Heat of the Sun, they fling but 
very little : whereas fuch as are green and, 
juicy produce violent Pain and Inflamma¬ 
tion. But the quite contrary to this would 
happen, if the Symptoms were only owing 
to the Breaking of the Prickles in the 
Flefh : iince when dry they mu ft be more 
brittle, as well as more rigid, than wdien 
they abound with juice. 

# Hook’s Micrgg. pag. 142. 

p. 10/. 

Arc. Nat. Tom. I. Par. Ill, 
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fOjuere, Are there any Valves in the Vef- 
fels of Vegetables, as in thofe of Animals, 
to let the Juices pafs, but hinder their Re¬ 
turn ? 

CHAP. XLVIII. 

Of Salts in General. 

T is I think agreed, that all Bodies have 
their Salts, from whofe different Confi¬ 

gurations and Imprefiions many wonderful 
Changes are effected both in Solids and 
Fluids, in Things animate and inanimate. 
Saline Particles finking upon the Nerves of 
Animals excite the Senfations of Tafle and 
Smell; and as their Forms and Degrees of 
Impulfe are almofi infinitely diverflfied, the 
Senfibility of Pain or Pleafure arifing there¬ 
from mufi be varied almofi infinitely, ac¬ 
cording to the greater or lefs Delicacy of the 
Organs they flrike upon.—It is therefore of 
great Confequence to difcover what we can 
about them. 

The Microfcope fliews, that Vinegar owes 
its Pungency to Multitudes of floating ob¬ 
long quadrangular Salts, each of which, ta¬ 
pering from its xMiddle, has two exquifitely 
fharp Ends. Thefe Salts, being inexpreflibly 

9 minute^ 
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minute,, can hardly be difcovered, unlefs a 
Drop or two of Vinegar be expofed for fome 
Hours to the Air, that the more watery Part 
may evaporate, before we attempt to view 
them. 

Their Shape appears, Plate XIV. Fig. f. 
If Grabs Eyes are infilled in Vinegar, 

after the EfFervefcence is over, the Shapes 
of the Salts will be found quite altered $ 
their fharp Points feern broken off, and they 
appear in different fquare-like Forms, as at 
Fig. IF 

In Wines of feveral Kinds the Salts are 
difKnguifhable, of various Figures, many of 
them refembling thofe in Vinegar, but with 
Ends much more obtufe: fome are fhaped 
like a Boat, fome like a Spindle, others like a 
Weaver’s Shuttle, and others fquare : there 
are alfo infinite Varieties of other Forms. 

The Salts of Sugar candied are fhewn. 
Fig. III. 

Vegetable Salts are to be ex trailed by 
burning the Wood, Stalks, or Leaves of any 
Tree or Plant ; throwing the Afhes into 
Water ; then filtering, and fetting the Li¬ 
quor to cryftallize in a cold Place. Their 
Oils alfo, when examined, prefent Abun¬ 
dance of Salts. 

The Salts of Minerals or Metals are to be 
come at by quenching them, when red hot, 
in Water, then filtering, evaporating, and 
cryffallizing, 

8 Pretty 
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Pretty Saifs for Obfervation are, Pot-Afh, 
Englijh, and Ruffian : Salt of Wormwood, 
Saccharum Saturni, Salt of Tartar, Salt Ar- 
moniac. Salt of Hartfhorn, Salt of Amber, 
&c. They fhould be examined firtt in their 
dry or cryttallized State, and afterwards dif- 
folved in a very fmall Quantity of fome 
tranfparent Fluid. 

The Salts found in all Bodies, when fepa« 
rated by Fire, feem as fo many Pegs or 
Nails *, penetrating their Pores, and fatten¬ 
ing their Parts together: but as Pegs or 
Nails, when too large or too numerous, 
ferve only to fplit or rend afunder; Salts, by 
the fame Means, oftentimes break, feparate, 
and diffolve, inftead of joining and making 
fail. They indeed are merely Inttruments, 
and can no more act upon or force them-" 
feives into Bodies, than Nails can without the 
Stroke of a Hammer; but they are either 
driven on by the Prefliire of other Bodies, or 
by the Spring of the Air impelling them. 
As Salts enter the Pores of all Bodies, Water-. 
infmuates between the Particles of Salt; fe¬ 
parate s or diflolyes, and futtains them in its 
Interftices, till, by being in a State of Rett, 
they precipitate, and form themfelves into 
Mattes. By this ditto!ving Power, Water 

# Vid. SpeSlack de la Nat, Dial. XXVI. 

becomes 
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becomes the Vehicle of Salts, and conveys 
them into the Pores of Bodies, where it 
leaves them to execute their proper Office. 

Moll Sorts of Animal and Vegetable Salts 
are likewife probably diffolved by the Juices 
of the Stomach, before they enter the Blood, 
or they would occaiion great Mifchiefs : and 
the Difficulty of diffolving fome mineral 
Salts, or breaking off their Points in the 
fame Manner, may be the Reafon of their 
dreadful Effects. 

CHAP. XLIX. 

Of Salts in Mineral Waters. 

TH E Microfcope may be of lingular Ser¬ 
vice to determine, by ocular Exami¬ 

nation, what Kinds of Salts our medicinal 
Springs are charged with ; whence to form 
a judgment in what Cafes their Waters 
Biay be drank to Advantage. 

The four Kinds oifafile Salts bed: known 
are, according to Dr. * Lister, Vitriol, 
Alum, Salt-petre, and Sea-falt : whereto 
he adds a fifth, lefs known, though more 

f Vid. Lister, de Fontibus Medicatis Anglhe. 

common 
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common than any, namely, Calcarious Salt9 
or Nitre. 

Green Vitriol is produced from the Iron 
Pyrites. When mature and perfect, its Cry- 
ftals are always pointed at each End, and 
confift of ten Planes with unequal Sides: that 
is, the four middle Planes are Pentagons, and 
each of the fharp Ends is made up of three 
triangular Planes, as Plate XIV. Fig. 4. 

Alum burnt, diffolved in Water, and drain¬ 
ed, affords Cryftals whofe Top and Bottom 
are two fexangular Planes, the Sides round, 
which appear compofed of three Planes that 
are likewife fexangular, and three double 
quadrangular ones, placed alternately. So 
that every perfect Cryftal confifts of eleven 
Planes, namely, five fexangular, and fix 
quadrangular. Fig. V. 

The Water of our Inland Salt-Springs af¬ 
fords Cryftals of an exacft cubical Form, one 
Side or Plane whereof feems to have a par¬ 
ticular Clearnefs in the Middle, as if fome 
Deficiency were in that Place ; but the other 
five Sides are white and folid. See Fig. VI. 

Sal Gem, diffolved, ihoots into the like 
cubic Cryftals. 

Sea-water boiled to Drynefs, and its Salt 
diffolved again in a little Spring-water, gives. 
Cryftals alfo that are cubical, but remarka¬ 
bly different from thofe laft defcribed : for 
in the Cryftals of Sea-fait all the Angles of 
the Cube are feemingly cut off, and the 

Corners 
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Corners left triangular : (See Fig, XI. XL) 
whereas the Salts of our Inland Springs 
have all their Corners fharp and perfed:, as 
Fig. VI., 

Nitre, or Salt Petre, throws itfelf into 
long {lender fexangular Cryffals, whofe Sides 
are Parallelograms. One End conftantly 
terminates either in a pyramid-like Point, or 
elfe in a fharp Edge, according to the Pofi- 
tion of the Sides of two unequal Planes. 
The other End is always rough, and appears 
as if broken. Fig. VIE VII. 

The moft general, tho’ lead; noted of all 
the fojjile Salts among us, is a Kind of Wall 
or calcar ions Nitre, or Lime-fait, which 
may be collected from the Mortar of ancient 
Walls ; and is, as Dr. Lister fuppofes,- 
what a great Part of the Earth and Moun¬ 
tains confift of *. Its Cryftals are {lender and 
long, the Sides of them four unequal Paral¬ 
lelograms: their Point at one End is formed 
of two Planes with triangular Sides ; the 
other End terminates in two quadrangular 

* We are well allured, that in France it is the common Prac¬ 
tice for thofe who have the Superintendency of the King’s 
Salt~Petre Works, to amafs vaft Quantities of the Mortar and 
Rubbifh taken from old Buildings: whence, by proper Ma¬ 
nagement, they extract Abundance of this caicarious Nitre. 
And when they have got all they can from it, by letting it lie 
together for fome Years, it becomes impregnated anew, and 
affords alrnoft as much as it did at firft. 

* Planes; 
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Planes : though both Ends are feldom to be 
found unbroken,—Of this Salt fome is feeii 
with five Sides, and all the other Varieties 
may be found in it, which are fhewn Fig. 
VIII. 1. 2. 3. 4. 5. 6. 7. 

Unripe or imperfect Vitriol is a white 
Salt, whofe Cryftals are Cubic Rhom- 
boides: as Fig. IX. 

The Cryflals of our Inland Salt-fprings9 
not yet arrived at Maturity and Perfedtionf 
are formed like Fig. X. 

The Particles of each of thefe particular 
Salts 9 either in falling one upon another, or 
uniting on one common Bafe, form them* 
felves into Maffes, which are invariable, and 
always of the fame regular Figure : but it is 
belt to examine them in the fmallefl Maffes, 
their Shape being there moft perfect and 
diftindt. 

CHAP. L. 

Mifcellaneous Discoveries and' 

Observations. 

IT has been urged by fome, in Behalf of 
ipontansous Generation, that Worms are 

found in the human Bowels, of a Figure 
feen no where elfe ; and therefore that they 
muff be generated there, fpontaneoufly, by 
the Slime and Heat of the Inteftines: for if 
they proceed from Parents of their own Kind 

without 
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without the Body, and get into it by AccL 
dent, either in the Egg or any other State, 
v/here are thofe Parents found?—This feems 
a very ilrong Objection ; but the Micro/cope, 
I believe, can enable us to anfwer it. 

Worms found in the human Body are of 
three Kinds, namely, the A/carides, or little 
Ihort (lender Maggots, fo nearly refembling 
a Sort frequently met with in warm mold; 
Places, under rotten Wood, &c. that they 
may reafonably be fuppofed the fame,—The 
cTeretes rotimdi, or long round Worms, which 
are evidently the Species of Earth-worms, 
found commonly in Dunghills and Hot¬ 
beds ; whofe Degree of Warmth is pretty 
equal to that of the human Bowels. And 
the Lati, Fafcice, 1l ape-worms, or Joint- 
worms, which are broad, dat, full of Joints, 
and fometimes of a mondrous Length, ex¬ 
tending many Yards along the Inteflines.— 
This is the Animal faid to be found no where 
elfe ; but the Microfcope has very happily 
difcovered Worms of the fame Figure ex- 
adtiy, and different in Size only, in the In- 
teftines of Eels, fo fixt as not to be removed 
without great Difficulty, but contracting and 
dilating themfeives very agreeably'*. They 
are of an incredible Length in comparifon of 
their Breadth, and when contracted become 

f Ac, Nat. Tom. IV. p. 367, 

Ilk 



and Obfervations. 267 

lix Times broader than when expended. 
There are T’ape-worms I ike wife in the Bow¬ 
els of a Turbut, tho’ fhorter than thofe in 
Eels, and with a Head not quite the fame. 
They are fixed to the Guts by a Kind of 
Hooks which they have in their Mouths, 
and are not to be got off, but by holding the 
Tail with one Hand, and feparating the 
Head from the Inteflines with a Needle. 

Having found thefe Worms in the Xntef- 
tines of Fifhes, let us now confider how 
they could get there. And it is probable they 
are naturally Water Animals, whofe Eggs 
or young-ones getting into the Stomach with 
the Water or the Food, become hatched or 
nourished there. In the fame Manner they 
may alfo be introduced into the Stomach of 
other Animals: and their Difference of Size 
in one or the other may arife from the dif¬ 
ferent Degrees of Heat, and the Kinds of 
Nourishment they meet with.—Three other 
^orts of Worms are alfo found in the Intef- 
tines of Eels. Carp are likewife fubjed to 
Worms which make them very lean, and fo 
is the Trout.—There are two Sorts of white 
Worms in the Whiting; and the Microfcope 
may difcover them perhaps in every other 
Kind of Fifh : nor can we wonder at it, 

vwhen we refled: how liable Fifhes muff be 
to fwallow the Eggs or young-ones of what- 
ever Infeds are Inhabitants of the Waters. 

Vol. I. T 2. There 
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2. There are frequently, in the Livers of 
Sheep, Animalcules fhaped like the Seed of a 
Gourd, or rather like a fmall thin Myrtle- 
JLeaf with a very fhort Foot-Talk. Their 
Colour is whitifh, but numberlefs branching 
Yelfels or minute Canals of a greenilh Yel¬ 
low are difperfed every wThere about them j, 
and a round Flole or Mouth appears near the 
Stalk End. Thefe Creatures are found often 
in the Gall-Bladder, and in every Part of 
the L iver ; where, forming themfelves little 
Cells, they abide in a Liquor that is feem- 
ingly Blood mixt with Gall*. 

3. In the Head of Stags Worms of 
Maggots are moft commonly to be met with, 
lodged in a Cavity under the Tongue, near 
the Vertebrae where the Head joins on to the 
Neck. Their Shape is partly cylindrical, 
being fat underneath, but rounded on the 
upper Side; in Colour white, with many 
femi-annular Rings befet withdarkiih Hairs* 
On the Head are a Couple of exceeding fmall 
white Horns, which are thrufl out or drawn 
in like a Snail’s ; and under them two mi¬ 
nute Claws, black, hard, and fharp, exciting 
much Itching, and thereby great Uneafmefs. 
They move along by fixing thefe Claws, and 

* Vid. Redi de Generat. Infedt. |?. 30s.- 
t Ibid. p. 3©7> > 

then 
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then dragging up their Bodies to them. The 
End where their Excrements are difcharged 
has a little Opening, with two black Spots 
refembling a Half-moon. Twenty or thirty 
are ufually found in one Head, of the Size 
of very large Maggots. 

4. Like to the foregoing, efpecially to¬ 
wards the Tail, but fmaller, lefs vigorous, 
and not fo hairy, are certain Maggots found 
in the * Heads of Sheep. Their white Bo¬ 
dies are marked acrofs with black Lines (par¬ 
ticularly the larged: of them); and two black 
Spots at the Anus, which form a Half-moon, 
in the Worms of Deer, compofe in thefe a 
complete Circle. They abide mod: common¬ 
ly in a hollow Part of the Os Frontis, near 
the Infertion of the Horns; but are forne- 
times found even in the Moftrils, and in the 
Cavities round the Roots of the Horns. 
Sometimes too they get higher up into the 
Head, and make the Sheep run mad. They 

' are lefs numerous than thofe in Deer, being 
feldom more than ten or fifteen. 

' - . , s 

5. Early in the Spring Seafon, we fhall 
frequently dnd flicking to Pales of Wood, 
efpecially very old ones, and fometimes to 
Walls of Brick or Stone, a Sort of little Worm 
or Maggoty inclofed in a Cafe about the Big- 

* Vid, Redi de Gener. Infeft, p. 3.05, 

T 2 iieft 
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nefs of a fmall Barley Corn. If this Cafe be 
viewed with the Microfcope, it appears co¬ 
vered all over with a mod delicate Soft of 
Mofs, intermixed with fine Sand or Earth. At 
the fharpeft End there is a little Hole, thro' 
which the Excrements are difcharged; and 
at the other a larger Opening, where the 
Creature puts out its Head, and fallens itfelf 
to the Pales or Wall. The included Ani¬ 
mal is all black, about two Lines of an Inch 
long, and three Quarters of a Line broad. 
Its Body has feveral Ringlets folding over one 
another. Its Head is large, fiat, and poliihed, 
refembling Tortoife-lhell, with fome Hairs 
iffuing from it ; and near thereto, on each 
Side, are three Legs. The Mouth is large, 
and in continual Motion, and from it pro¬ 
ceeds a flender Thread or Web : the Eyes 
are black and round. This is a pretty Ob- 
jedl, and changes I believe to fome Sort of 
minute Fly, tho* I have not had an Oppor¬ 
tunity of making the Experiment. 

6. Nothing is more common, in the Be¬ 
ginning of Summer, than to fee the Leaves 
of Peaches, Nectarines, and Cherries, curled 
up and blighted : which Leaves on Exami¬ 
nation are found covered with little InfeSis *, 

„ ■ ,i - t- ~----— ■ -------*——-—1 ■— 

* Monf. DE la Hire calls thefe Pucerons, or little Fleast 

and in dances them as I n lefts that come from walking tofying 

without palling through the Aurelia State : which they do by 
Silly cading off their Skins, as a little Obfervation will ftiew. 

fome 
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fome blackifh, others green 5 fome winged, 
and others without Wings. Thefe Creatures 
bring forth their Young alive and perfect; 
and if their Bodies be opened, feveral perfect 
Embryos will be feen therein.—-It remains a 
Doubt, whence, and by what Means, thefe 
Infers are conveyed upon the young fprout- 
ing Leaves, which at the fame Time are al¬ 
ways covered with a glutinous and honey-like 
Moifture : but we may hope diligent Obfer- 
vations will difcover this Secret to us. Trees 
in this Condition are vifited by Multitudes of 
Ants; which hurt not the Trees, as fome er- 
roneoufly conjecture, but do them Service, 
by devouring this Vermin that infefts them. 

7. The Ant itfelf is an ObjeCt well worth 
our Notice, being a Creature of a very lin¬ 
gular Structure. The Head large, adorned 
with two pretty Horns, each having twelve 
Joints. Its Eyes are protuberant and pearl¬ 
ed : it has Jaws faw-like or indented, with 
feven little Teeth that exaCtly tally, opening 
fide-ways, and able to gape very wide afun- 
der; by the Help whereof it is often feen 
grafping and tranfporting Bodies of three or 
four Times its own Bulk and Weight. It is 
naturally divided into the Head, the Breaft, 
and the Belly or Tail ; each of thefe Parts 
joining to the other by a very {lender Liga¬ 
ment. From the Breafi-part, three Legs 
-came forth on either Side. The Tail is armed 

T 3 with 
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with a Sting, which the Animal ufes only 
when provoked ; but then a poifonous Li¬ 
quor is conveyed by it into the Wound, oc- 
cafioning Pain and Swelling. The whole 
Body is cafed over with a Sort of Armour, fo 
hard as fcarce to be penetrated by a Lancet, 

and thick fet with fhining whitifh Briflles. 
The Legs, &c. are alfo covered with Hairs, 
but much fmaller and of a darker Colour. 

Upon opening an Ant-Hilly we fhall lee 
them carrying in their Mouths, and fecuring 
with great Solicitude, fmali whitifh Bodies, 

ufually called their Eggs. Thefe, however, 
are not Eggs, hxxtAntsin their Aurelia State, 
each encompaffed with an Integument of its 
own fpinning. We might have conje&ured 
this from their Largenefs in Proportion to a 

perfeB Ant $ but 'the Microfcope fully proves 
it, by difcovering to us their real Eggs, of 
an oblong oval Figure, about the Size of a 

Grain of Sand * : ninety whereof would not 
extend the Length of an Inch, nor an hun¬ 

dred and feventy be equal in Bignefs to one 
of thefe Aurelia inclofed in its Cafe. Thefe 
minute Eggs produce Maggots, which, after 
a Time, fpin themfelves Coverings, become 
Aurelias, and then Ants. The Parents Af¬ 
fection for their Young in th& Aurelia State 
is fo ftropg, that when Danger threatens 

they infiantly run away with them, and will 

# VkLLexuwen. K-eg, Soc. ySeht. 16S7. 
fooner 
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fooner die than leave them. There are fe~ 
veral Sorts of Ants differing both in Size and 
Colour j and towards the End of Summer 
many of them are feen having four Wings, 

Thefe, Swammerdam fays, are Males*. 

The French Academy has published a curi¬ 

ous Account of Ants, whence I fhall abftrad: 

fiome few Particulars. Every Ant’s Neft (it 
tells us) has a ftraight Hole leading into it, 
about the Depth of Half an Inch j which, 
afterwards, runs Hoping downwards to the 
public Magazine, where the Grains they 

colled: are ftored up : and this is a different 
Place from that where they reft and eat.— 
Their Corn, being kept under Ground, would 
ihoot and grow, did they not prevent it by 
biting out the Germen or Bud before they lay 
it up ; but this they conftantly do : for if 
their Corn be examined, no Bud will be 

found therein $ nor, if fowed in the Earth, 
will it ever vegetate. Was it, however, to 

lie continually in the Ground, the Moifture 
wTould occafion it to fwell and rot, and make 
it unfit for Food. But thefe Inconveniencies 
4ney find Means to remedy by their Vigilance 
and Labour in the following Manner. 

They gather very fmall Particles of dry 
Earth, which they bring out of their Holes 

** Vid* SwAMMFrb, Hi/i, Generate des InfeSles, p. 1S3. 

T 4 every 
, * 
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every funfhiny Day, and place them in the 
Heat. Every one of them brings in her 
Mouth a Particle of this Earth, lays it by 
the Hole, and then goes to fetch another 
fo that in a Quarter of an Hour a vail Num¬ 
ber of fuch fmall Particles of dried Earth 
are heaped round the Hole. Their Corn is 
laid upon this Earth when under Ground, 
and covered with the fame. When thefe 
Particles of Earth are brought out, they fetch 

out their Corn likewife, and place it round 
this Earth, making two Heaps about the 
Hole, one of dry Particles of Earth, and 
the other of Grains of Corn. Lad: of all, 
they fetch out the Remainder of their dry 
Earth whereon the Corn was laid. They ne¬ 
ver go about this Work unlefs the Weather 
be clear, and the Sun very hot; but when 

both are favourable, they perform it almoffc 
every Day. 

The Author of this Account had found a 
Neff of Ants in a Box of Earth ifanding out 
from a Window two Stories high ; whence 
they made Excurfions both upwards to the 
Top of the Houfe, where fome Corn lay in 
a Garret; and downwards into a Garden, 
which the Window overlooked. The Situ¬ 
ation of this Ned: obliged them to go up or 
down a great Way before they could poffibly 
meet with any thing ; but he found, not- 
withfianding, that none of them ever re¬ 
turned empty, but every one brought a Grain 
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of Wheat, Rye, or Oats, a ihaall Seed, or 

even a Particle of dry Earth, if nothing elfe 
could be got. Some travelled to the farther 
End of the Garden, and, with prodigious 

Labour, brought heavy Loads froipi thence. 
It required four Hours, as he learned by fre¬ 
quent Obfervation, to carry a pretty large 
Grain or Seed from the Middle of the Garden 

to the Ned; and he computed therefrom, 
that an Ant works as hard as a Man who 
{hould carry a heavy Load twelve Miles a Day. 

The Pains thefe Ants took to carry Grains 

of Corn up a Wall to the fecond Story, 
climbing all the Way with their Heads 
downwards, mud be exceeding great. Their 

Wearinefs was (hewn by their frequent Stops 
at the mod convenient Places; and fome 
appeared fo fatigued and fpent, they could 
not reach their Journey’s End : in which 

Cafe, it was common to fee the dronged 
Ants, which had carried home their Load, 
come down again and help them. Sometimes 
they were fo unfortunate to fall down with 

their Burdens when jud in Sight of Home: 
but when this happened, they feldom lod 
their Corn, but carried it up again.—He 
law one, he fays, of the fmalleji Ants carry¬ 

ing a large Grain of Wheat with incredible 
1 Pains. When fhe came to the Box where 

the Ned was, fhe and her Load together 
tumbled back to the Ground. Going down 

jto look for her, he found fhe had recovered 

tb© 

1 
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die Grain, and was ready to climb up again* 
The fame Misfortune befel her three 
Times ^ but fhe never let go her Hold, nor 
was difcouraged ; till at lall, her Strength 
failing, fhe was forced to flop, and another 
Ant aflifhed her to carry home her Load £o 
the public Stock, 

' Ho w wonderful is the Sagacity of thefe 
Infefts! How commendable their Care, Di¬ 
ligence, and Labour 1 How generous their 
Atliftance of one another for the Service of 
the Community! How noble their public 
Virtue, which is never negle&ed for the Sake 
of private Mtereft! In all thefe Things they 
deferve our Notice and Imitation.—A con¬ 
templative Mind will naturally turn its 
Thoughts from the Condition and Govern¬ 
ment of Ant-hills to that of Nations ; and 
refiedh, that fuperior Beings may poffibly 
coufider Human Kind, and all their Solici¬ 
tudes and Toils, Pride, Vanity, and Ambi¬ 
tion, with no more Regard than we do the 
Concerns of thefe little Creatures. 

8. Among Pinks, Rofes, and Sun-flowers, 
there is to be found, aimed: conftantly, a lit- 
iky long, nimble TnfeB% fmaller than a Loufe, 
ip-metimes creeping, and fometimes leaping6 
It appears in the Microfcope bodied like a 
Wafp, with fix or feven annular Divifions : 
it has two fair long black and yellow Wings 5 
two Horns, each riling from a knobbed 

Root j 
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Root; two black Eyes, and fix Legs. It is 

fo tender, the leafl Touch kills it, but a very 

pretty Objedt. 

9. A little InfeB is conflantly found in the 

Troth (or Cuckow-fpit as fome call it) that 
hangs on the Leaves of Rofemary, Lavender, 
&c. It creeps firfl, then leaps, and at lafi 
flies. It has fix Feet, with two blackifh 
Claws at the End of each ; a long Probofcis 
to fuck up its Food, two Horns, and a Pair 
of darkifh red pearled Eyes. The Tail 

ends in a Stump, but by its annular Divi- 

fions can be thrufl out or drawn in at Plea- 

fure. 
<* 

10. There is a pretty yellow InfeB on Sy¬ 
camore Leaves, with fix Legs, running very 

nimbly. The Eyes are red, prominent, and 
pearled ; the Horns are flit, and forked at 

the Ends. At firfl it has no Wings, but 

near the Shoulders« are two little Protube¬ 
rances, whence two long Wings come forth, 

when it turns into a Fly or Loculi, It is 
hairy towards the Tail. 

11. A fmall white oblong InfeB flicks to 
the Ribs on the Back Sides of Rofe-tree 
Leaves, towards the End of Summer, which 
turns into a little yellow Loculi that fkips 

2bout the fame Tree. In both States it is a 
pretty Object. 

12. Ther$ 
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12. There is alfo a greenilh Grafsbopper 
or Locujl, on Goofeberry-Leaves, Sweet- 
Bryar, and Golden Moufe-Ear, in April 
and May, with four Legs, two black Eyes, 
a Pair of curious Horns, and many other 
Beauties. 

13. In the Water of Ditches there are 

frequently Numbers of Water-Spiders, not 
larger than a Grain of Sand ; they are very 

voracious, hunting about continually for 
Prey; and may be feen by the Microlcope 

catching and devouring other minute Ani¬ 
malcules. Some have eight, fome ten Legs, 

and Antenna jointed like Equifetum or Horfe- 
TaiL 

14. Likewife in Handing Waters we may 
often meet with {lender Eels or Worms, 
about the third of an Inch, and fometimes 
more, in Length. They are full of Joints 
from End to End, at large DiHances from 
one another; have a fliarp Head like an Eel, a 
large Mouth, and two fine black Eyes. The 
Tail terminates in a Tuft of Hairs of a very 
curious Structure ; the Motions of the In- 
teflines are feen diilindtly, and the whole 
Animal is a delightful Objedt.—The Blood- 

red Jointed Worm, very common in Hagnant 
Waters, is alfo well deferving our Obferva-< 

tion. 
2 ' h 
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15. The Crane-fly, called by Aldro- 

vand Cnlex maximus, by Swammerdam 

Tipula terreflris, and by the common People 
Father-long-legs, affords, in every Part of 
it, agreeable Subjects of Examination : but 
the Feet are more particularly furprizing; 
for, upon diffeding them in a Drop of 
Water, the flefhy Fibres contrad and dif- 
tend, in a Manner not to be imagined with¬ 
out feeing it, and continue their Motions 
three or four Minutes. Mr. Leeuwenhoek 

found it conflantly in the Feet of this Crea¬ 
ture, but not in thofe of any other Infed *. 
The Inteftines are alfo very curious, confin¬ 
ing of numberlefs Veffels and Organs, which 
may be feen as plainly by the Microfcope* 
as the Bowels of larger Animals can by the 
naked Eye •f. The Tails both of the Male 
and Female are of an extraordinary Struc¬ 
ture : that of the Female ends in a fharp 
Point, wherewith fhe perforates the Ground, 
and depofits her Eggs under the Grafs in 
Meadows. 

16. The Multipes, or Scolopendra, has a 
very long flender Body; its Mouth is armed 
with a Pair of (harp Forceps, and in hot 
Countries (where they are of a large Size) 

* Arc. Nat. Tom. III. p. 119. f Tom* IV. p. 351. 

its- 
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its Bite is venomous : but our imaller ont& 
leem not mifchievous. One I examined bad 
fifty-four Joints, and from every Joint a Leg 
iffued on each Side, which, with two others 
at the End of the Tail, larger than the reft* 
made in all one hundred and ten. When 

the Creatures move along, thefe Legs fol¬ 
low one another very regularly, making a 
pretty Kind of Undulation, not to be de« 
fcribed, and giving the Body a fwifter Pro- 
greffion than one would expe&, where fo 

many Feet take fo many fhort Steps, in turn, 
one after another. There are feveral Sorts of 
thefe Infedts, different in Shape, and in 

Number of Legs, which the Curious will be 
pleafed to examine 

17. There is an extraordinary Sort of 
Caterpillar, of a middle Size, having four 
Tufts of yellowifh white Hair, like little 
Brufhes, of "an equal Height, flanding up¬ 
right on its Back : below thefe, from each 

Side, iffues a Bunch of dark-coloured Hairs 
of different Lengths, the Extremities of 
which are black. Two more Bunches of 
the fame Form rife from the Head like 
Horns, and another ffcill from the Top of 

the Tail. Every Hair in thefe Bunches, 

* LeeuvP'Bnhoe* fays, the Indian Millipes has eight Eyes 
like the Spider, O^ere, Have Englijh ones fo too i 

§ when 
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when viewed through the Microflcope, re- 
fembles a Peacock's Feather, and is a de¬ 
lightful Objedt. The Inquhitive will find 
abundance more Wonders in this amazing 
Creature, and, indeed, in mofl Sorts of Qa~ 

ter pillars. 

18. The Silk-worm is a Creature every 
Part whereof, either in the Worm or Fly 
State, deferves our particular Attention : 
but as both Malpighi and Leeuwen¬ 

hoek have examined it with great Skill, 
and publifhed their Obfervations with ana¬ 
tomical explanatory Drawings, I fhall refer 
the Curious to them, and to their own En¬ 
quiries 5 only adviling fuch as dial! engage 
in a farther Examination, not to negledt the 

. Skins thefe Animals call: off three Times 
before they begin to fpin: for the Eyes, 
Mouth,Teeth, Ornaments of the Head, and 
many other Parts, may be difcerned better 
in the cajl-off Skins than in the real Ani¬ 
mal. A due Obfervation of the Changes 
of this Creature, from the Catetpillar to the 
Nymph, Aurelia, or Chryjalis, and thence 
to the Moth or Butterfly State, will give a 
general Notion of the Changes all Caterpil¬ 
lars undergo, though fome little Differences 
may be in the Manner. Swammerdam 

fays, the Butterfly, by a judicious Exami¬ 
nation, may be traced and^difcerned under 

each 
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each of thefe Forms, which are only difter- 
ent Coverings or DrefTes for it. 

19. The Tail of the Male Silk-worm be¬ 
ing Squeezed, Animalcules were found in the 
Semen* four Times as long as broad; their 
Backs thicker than their Bellies, like the 
Shape of a Trout. Their Length was fup- 
pofed to be about half the Diameter of a 
Hair. This I experienced myfelf, on the 
8th Day of Augufi, in the Year 1742, when 
taking a Male Silk-worm, that was juft then 
come forth in its Moth-jiate, and giving its 
Tail feveral little gentle Squeezes, in about 
a Minute’s Time a fmall Drop of a brownifh 
white Liquor was fquirted brifkly from it on 
a Talc I held to receive it: and diluting this 
with a little Water warmed in my Mouth 
for that Purpofe, I was very much furprized 
and pleafed to obferve the numberlefs Ani¬ 
malcules it contained, fwimming about, alive 
and vigorous.- 

N. B. Whoever would make this Experi¬ 
ment, muft do it before the Moth has been 
coupled with the Females j for nothing is to 
be got from it afterwards, as I have found 
by feveral Trials, 

20. The Probofcis of a Butterfly, which 
winds round in a fpiralForm, like the Spring 

of 
* Vide Leeuwen. Arc, Nat. Tom. 1.. Par. II. p. 422. 
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of a Watch, ferves both for Mouth and 
Tongue, by entering into the Hollows of 
Flowers, and extracting their Dews and 
Juices., The Shape and Structure of it will 
be found very furprizing. 

* 

21. The Legs and Feet of InfeBs are won¬ 
derful in their Structure and Contrivance, 
according to their different Circumftances 
and Neceflities of Life, and afford a pleating 
Variety of ObjeCts. It is pretty to obferve, 
not only the fharp hooked Claws, but alfo 
the fkinny Palms of fome Flies, &c. which 
enable them to walk on Glafs and other 
fmooth Surfaces, even with their Bodies 
hanging downwards, by means of the Pref- 
fure of the Atmofphere : others again have a 
Sort of Spunges, which preferve their Claws 
from being broken or blunted by linking 
againft hard Bodies, as the Claws of Cats, &c. 
are, by foft flefhy Protuberances at the Bot¬ 
toms of their Feet. 

22. Thq Nymph of the Clothes-motb, which 
(from being often found fcudding among 
Books and Papers) Mr. Hook calls the fil- 
ver-coloured Book-worm, is covered with 
thin tranfparent Scales, from whole Sur<® 
faces a Multiplicity of Reflections of Light 
make the Animal appear m Colour like a 
fine Pearl. It has fix Legs, runs by Starts 
and Stops, and has three Horns at the Ex- 

Vo l. I. U tremity 
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tremityof the Tail. As this Defcription is 
fufhcient to make it known, I fhall leave 
the Curious to examine its Beauties, and not 
anticipate’their Pleafure. Vide Hook i Mi- 
crog. p. 208. 

23. On the Leaves of Orange Trees, Fig 
Trees, Willows, and many other Trees and 
Plants, there are various Kinds of minute In¬ 
fects, as yet but little known, inclofed in* 
Tubercles or Swellings. 

24. The Eggs of Infers are remarkable for 
their different Figure and Colour, and for 
the particular Regularity and Exadtnefs 
wherewith they are frequently placed. We 
fhall fometimes find a Sort cemented round 
a Twig of the Sloe Tree, or DamfonTree, as 
if fattened there by Art, and ranged merely 
for the Sake of Beauty. The Variety of them 
is inconceivable, and to be fought for as 
well in the Waters as elfewhere; as thofe 
will be convinced who will take the Pains 
to examine, in the Spring, the Water-Crettes, 
Brook-lime, and other Water-plants, on the 
Back of whofe Leaves infinite Numbers of 
minute Eggs may frequently be difcovered, 
appearing to the naked Eye only as a Slime. 

25. In Cellars, on the Corks of Bottles, 
there are three or four Sorts of very furpriz- 
ing Infedts* 

26. The 
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26. The Lungs of a Frog, blown up and 
dried, will afiid us to difcover the true 
Strudure of that Bowel. 

27. Cochineal, which comes from New 
Spain, and is fo valuable for its Ufe in dying 
Scarlet, Crimfon, and Purple, has been af- 
ferted by fome to be a Seed or Grain, and 
by others, an Infed:; but the Microfcope de¬ 
termines thefe Difputes, by ihewing plainly, 
after deeping it in Water twenty-four Hours, 
an oval Body, Scales, Legs, and a pointed 
Trunk: in fhort, the whole refembles our 
Cow-lady. Many Eggs may be difcovered 
upon opening their Bodies : and if you burn 
them, let their Adies dand two or three 
Days in Water, then filter and evaporate, 
their Salts may be diftindtly feen. 

28. The Feathers of Birds afford Variety 
of Beauty, and differ greatly from one ano-> 
ther, not only in their general Colour and 
Form, but in the Strudure of each particu¬ 
lar Part; as evdry body mud be ienfible, 
who examines thofe of the Odrich, the Pea¬ 
cock, the Eagle, the Swan, the Parrot, the 
Owl, and all the numerous Species of Birds. 
Their Quills too deferve our Attention : and 
our Obfervations on them will be aflided by 
reading the 36thObfervation in Mr. Hook’s 

Micrography, p. 168; and alfo Mr. Lee ti¬ 
ll 2 wenhoek’s 
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wenhoek’s Experiments, in the 4th Tome 
of his Writings, p. 323. 

29. Mojjes of all Kinds are agreeable Ob¬ 
jects, and appear, by the Microfcope, to be as 
perfect in their Leaves, Flowers, and Seeds, 
as the largefl Plants or Trees. Thofe, parti- 
cularly, that grow on the Rocks and Coafts 
of the Sea, exhibit amazing Beauties. 

30. Spunge is reckoned a Plant-AnimaU 
and appears compofed of minute Veffels re- 
fembling Veins and Arteries. 

31. Decayed Fruits, moifl Wood, damp 
Leather, flale Bread, and Abundance of other 
Things, contrail, what we call Mouldinefs $ 

which the Microfcope difcovers to be nothing 
elfe but innumerable minute Plants, bearing 
Leaves, Flowers, and Seeds, and increafing in 
a Manner almoft incredible: for in a very 
few Hours the Seeds fpring up, arrive at full 
Maturity, and bring forth Seed themfelves ; 
fo that a Day produces feveral Generations of 
them. There are many Sorts of thefe micro- 
fcopical Plants, very different in Size and 
Appearance : Some of the Mufhroom Kind, 
others refembling Bulrufhes, and others 
again bearing vaft Quan tities and great Varie¬ 
ties of Fruit. Other Kinds are likewife found 
in great Abundance on the Surface of Li¬ 
quors, when they are what we term Motbery. 

32. Th@ 
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32. The Air-veJJ'els, Sap-vejfels, and Pores 
of Wood, are wonderful in their Figure, 
Number, andDifpofitionas plainly appears 
by fhaving off the thinned; Slices pofiible, 
lengthways, croffways, and obliquely, and 
bringing them to view. Fir and Cork are 
the readied: for this Purpofe : but all other 
Kinds of Wood, tho’ with fomewhat more 
Trouble, may be rendered fit'to be examin¬ 
ed. In a Piece of Cork, no longer than 
the eighteenth Part of an Inch, fixty Cells 
were numbered in a Row; whence it fol¬ 
lows, that one thoufand and eighty are in 
the Length of an Inch ; one million an hun¬ 
dred fixty and dx thoufand four hundred in 
an Inch fquare ; and in a Cubic Inch, one 
thoufand two hundred fifty-nine millions 
feven hundred and twelve thoufand 

In the Pith of Trees and Plants, cut fo as 
to become tranfparent, the Veffels may be 
difcerned diffindly. The Pores of Wood 
may likewife be feen advantageoufly in Char¬ 
coal and Small-coal. 

33. There are many Sorts of Sand; fome 
gathered on the Sea-fhore, or on the Shores 
of Rivers, and others found within Land. 
The Grains of each Sort differ much in Size, 

Hook’s Microg. p. 114 

V 3 Form*, 
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Form, and Colour: fome are opake, others 
tranfparent$ fome have rough Surfaces, and 
others are quite lmooth Thefe Varieties 
are very agreeable to examine by the Mic?'o~ 

fccpe9 which fhews, in fome of the fhining 
Kinds, Grains having all Numbers of Sides 
and Angles, and fo finely polifhed, that no 
Diamond is more exquifitely beautiful. On 
others, grotefque Figures, or Reprefen tations 
of Landfcapes, Buildings, Plants, and Ani¬ 
mals, at once furprize and pleafe. 

34. In order to examine Diamonds *f' with 
the greater Exadnefs, Mr. Leeuwenhoek 

broke a fmall one between two Hammers, 
and placing the Pieces before his Microfcope, 
in the Sun-fhine, he faw many fparkling 
Flames iffue from them, with a continual 
Corrufcation in fome, like a faint Lightning. 
Then viewing them in the Shade, he obferv- 
ed, among other pretty Appearances, a little 
Flame that Teemed to dart from each Particle 
of the Diamond : and it was a glorious Sight 
to behold. Multitudes of fparkling Flames, 
mod: of a bright Fire-colour, and others 
greenifh, fiafhing faintly and like Lightning 
at a Diflance. In other Pieces of the Dia- 

# Vld. Phil. I’ranf. Numb. 289. Hook’s Microg. p. 80. 

f Vid. Phil. Travf. Numb. 374. * 

2 mond, 
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mondy the Lamella, or Layers, compofing it, 
were very plainly to be diftinguifhed. 

35. In finking Fire with a Flint and Steel, 
little Particles of Steel are flruck off, and 
melted into Globules by the Collifion ; as 
will be evident upon making the Experiment 
over a Sheet of white Paper, and viewing 
what falls into it through the Microfcope. 
Mr. Hook fir ft made the Trial, and found 
that a black Particle, no bigger than a Pin’s 
Point, appeared like a Ball of polifhed Steel, 
and flrongly reflected the Image of the 
Window near which he examined it It 
is alfo entertaining enough to feparate the 
melted Iron Particles from the Particles of 
Stone, which fometimes are vitrified, by 
Means of a Knife that has been touched by 
a Loadftone. 

36. Kind Nature has fupplied the Seeds of 
Dandelion, Thirties, and many other Plants, 
with a Down, that ferves inflead of Wings 
to convey them to diftant Places. The Fi¬ 
gures of fuch Down, in different Plants, are 
very different when looked at thro’ Glaffes ; 
fome appearing plain and fmooth, others 
rough and thorny, and others again with 
little Hooks or Clafpers to catch hold of any 

* Hook’s Microg. p. 25. 44. 46. 

U JL 
m 
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Things. Peaches, Quinces, and Tome other 
Fruits, have likewife a foft Down, which is 
worth examining, as well as the Hairs 011 
many Sorts of Leaves, Fruits, and Seeds* 

37. There is a very fine Down, or Flair, 
called Cowage, or Cow-itch, growing on a 
Sort of hairy Kidney-bean that comes from 
the Faji-Indies. . The Pods, about three 
Inches long, referable a French-bean, and 
are covered with this Down, or Hair, which 
is very if iff for its Bignefs, caufes Pain and 
Inflammation if rubbed on any Part, and 
when viewed by a Microfcope appears like 
Multitudes of Needles. 

A Sort of curling Morns, riling out of the 
Middle of fome Carnations and Pinks, are 
exceeding pretty Objeds. 

. 38. The Flakes of falling Snow are various 
in their Configurations, and extremely beau¬ 
tiful, if examined before they melt : which 
may eafily be done by making the Experi¬ 
ment in the open freezing Air. Descartes, 

Dri Grew, Mr. Hook, Mr. Morton, Dr. 
Lang with, and others, have given us fe- 
veral of their different Star-like Forms : and 
Dr. Stocke, of Zealand, has lately com¬ 
municated. to the Royal Society fome new 
Figures, unobferved before. 

The Configui ation of the Particles of Dew 
may perhaps he likewife Well worth obferv- 
iijg. Plum ous 
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Plumous Alum, Talcs of different Kinds, 
Afbeflos, Mareafites, and all Sorts of Mine¬ 
rals and Foffils, afford a Variety of agreeable 
and curious Objects. 

iEthiops Mineral, Calomel, Mercurius 
dulcis, and ail other Mercurial Powders, are 
found, when examined by the Microfcope, 
to be full of minute Globules of crude and 
unaltered Mercury. 

Common Salt diffolved in Water exhibits 
infinite Numbers of quadrangular Bodies. 

Toads, Frogs, and Newts, are killed by- 
rubbing Salt upon their Backs * *5 Snakes, 
Vipers, Rattle - Snakes, &c. by drawing 
through their Skin, with a Needle, a Thread 
dipped in Oil of Tobacco : and Mercury is 
a mortal Poifon to Ants. 

It would be an endlefs Talk to point out 
half the Objedts fit to be exam ned by this 
ufeful and entertaining Inflrument, which 
fupplies us, as it were, with Eyes infinitely 
more penetrating than our own ; and disco¬ 
vers Wonders to us which we fhould be un¬ 
able to conceive without it The foregoing 
are a few only among thofe that are mold 
curious; but every Creature, every Plant, 

' , and Fruit, and Flower, every Drop of Wa- 

t"" " nu.w— urn --- - -- - ■ 
I y* • « 

* Hook’s Microg. p. 144. 

ter. 1 
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ter, and every Particle of Matter, if carefully 
examined, will afford us new Indru&ion and 
Delight. 

CHAP. LI. 

*[he Works of Art and Nature 

compared together and conjidered. 

EFORE this Treatife is concluded. 
it will not perhaps be thought unpro¬ 

fitable to examine fome of the fined and 
mod exquifite Performances of human Art, 
and compare them with the Productions of 
Nature: as fuch a Comparifon mud tend 
towards humbling the Self-conceit and Pride 
of Man, by giving him a more reafonable 
and moded Opinion of himfelf; and at the 
fame Time may in fome Degree conduce to¬ 
wards improving his imperfeCt Conceptions 
of the Supreme Creator. 

Upon examining the Edge of a very keen 
Razor by the Microfcope, it appeared as 
broad as the Back of a pretty thick Knife; 
rough, uneven, full of Notches and Fur¬ 
rows, and fo far from any Thing like Sharp- 
nefs, that an Indrument as blunt as this 
feemed to be, would not ferve even to cleave 
Wood *. 

An 
* Hook’s Micrcg, 
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An exceeding fmall Needle being alfo ex¬ 
amined, the Point thereof appeared above a 
Quarter of an Inch in Breadth ; not round, 
or Hat, but irregular and unequal; and the 
Surface, though extremely fmooth and bright 
to the naked Eye, feemed full of Rug- 
gednefs. Holes, and Scratches. In fhort, 
it refembled an Iron Bar out of a Smith’s 
Forge 

But the Sting of a Bee, viewed through 
the fame Indrument, Shewed every where a 
Polifh mod: amazingly beautiful, without 
the lead Flaw, Blemifh, or Inequality; and 
ended in a Point too fine to be difcerned: 
yet this is only the Cafe, or Sheath, of In- 
druments much more exquifite contained 
therein, as before defcribed. Page 210. 

A fmall Piece of exceeding fine Lawn ap¬ 
peared, from the large Didances and Holes 
between its Threads, fomewhat like a Hur¬ 
dle or Lattice, and the Threads themfelves 
feemed coarfer than the Yarn wherewith 
Ropes are made for Anchors. 

Some Brujfels Lace, worth five Pounds a 
Yard, looked as if it were made of a thick, 
rough, uneven Hair Line, intwided, faden- 
ed, or clotted together in a very aukward 
and unartful Manner. 

* Phil. Tran/. Numb. 324. 
i2mo. Vol, I. p. 8. 

Sj>e£i. de la Nat. Eng. Edit. 

But 
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But a Silkworms JVeb, being examined, 
appeared perfectly fmooth and fhining, every 
where equal, and as much finer than any 
Thread the bell Spinfler in the World can 
make, as the fmalleft Twine is finer than 
the thickeft Cable. A Pod of this Silk being 
wound off, was found to contain nine hun¬ 
dred and thirty Yards : but it is proper to' 
take Notice, that as two Threads are-glewed 
together by the Worm through its whole 
Length, it makes really double the above 
Number, or one thouland eight hundred 
and fixty Yards : which being 'weighed with 
the utmod: Exadtnefs, were found no heavier 
than two Grains and a HalfW What an 
exquifite Finenefs is here ! and yet this is 
nothing when compared with the Web of a 
fmall Spider (fee Page 200), or even with 
the Silk that iffued from the Mouth of this 
very Worm, when but newly hatched from. 
the Egg. : 

The fmalleff Dot, Tittle, or Point, that 
can be made with a Pen, appears, when 
viewed by the Microfcope, a vaft irregular 
Spot, rough, jagged, and uneven all about 
its Edges, and far enough from being truly 
round. The fmeft and minuted: Writing, 
fuch as the Lord’s Prayer in the Compafs 
of a diver Penny, or other fuch like curious 

* Ibid. p. 50. 
Performance^ 
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Performance, done by the mod; able Matter, 
feems, when brought to Examination, as 
ttiapelefs, uncouth, and barbarous, as if writ¬ 
ten in Runic Characters. But the little Specks 
on the Wings or Bodies of Moths, Beetles, 
Flies, and other Infedls, are found, when 
magnified, to be mod: accurately circular : 
and all the other Lines and Marks about 
them appear regularly and finely drawn, to 
the utmoft Podibility of Exadtnefs. 

Dr. Power fays, he faw a golden Chain 
at Tredesc ant’s, of three hundred Links, 
not more than an Inch in Length, fattened 
to, and pulled away by, a Flea. And I 
myfelf have feen very lately, near Durham- 
Yard in the Strand, and have examined with 
my Microfcope, a Chaife (made by one Mr. 
Boverick, a Watch-maker) having four 
Wheels, with all the proper Apparatus be¬ 
longing to them, turning readily on their 
Axles; together with a Man fitting in the 
Chaife; all formed of Ivory, and drawn along 
by a Flea without any fseming Difficulty. I 
weighed it with the greateft Care I was able, 
and found the Chaife, Man, and Flea, were 
barely equal to .a fingle Grain. I weighed 
alfo, at the fame Time and Place, a Brafs 

/ Chain made by the fame Hand, about two 
Inches long, containing two hundred Links, 
with a Hook at one End, and a Padlock and 

Key 
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Key at the other; and found it lefs than the 
third Part of a Grain *. 

We are told, that one Oswald Nelin^- 

ger •f made a Cup of a Pepper-corn, which 
held twelve hundred other little Cups, all 
turned in Ivory, each of them being gilt on 
the Edges, and {landing upon a Foot: and 
that, fo far from being crowded or wanting 
Room, the Pepper-corn would have held 
four hundred more. 

Thefe are fome of the niceft, mofl curious, 
and furprizing Works of Art: but let us 
examine any of them with a good Micro- 
fcope, and we {hall immediately be con¬ 
vinced, that the utmofl Power of Art'is only 
a Concealment of Deformity, an Impolition 
upon our Want of Sight; and that our Ad¬ 
miration of it arifes from our Ignorance of 
what it really is. 

This valuable Difcoverer of Truth will 
prove the mofl boaded Performances of Art 
to be as ill-fhaped, rugged, and uneven, as 

* I have feen, fince my writing-the above (made by the 
fame Artift) a Quadrille Table with a D awer in it, an Fat¬ 
ing Table, a Side-board Table, a Looking-glafs, twelve 
Chairs with Skeleton Backs, two dozen of'Plate, fix Difties, 
a dozen Knives and as many Forks, twel ve Spoons, two Salts, 
a Frame and Callers, together with a Gentleman, Lady, and 
Footman, all contained in a Cherry Stone, and not filling 

much more than half of it. 
f Ephem. German, Tom. I. Addend, ad Gbferv. 13. 

if 
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if they were hewn with an Ax, or druck 
out with a Mallet and Chi del. It will £hew 
Bungling, Inequality, and Imperfection in 
every Part, and that the Whole is difpropor- 
tionate and mondrous. Our fined Miniature 
Paintings appear before this Indrument as 
mere Daubings, plaidered on with a Trowel, 
and entirely void of Beauty, either in the 
Drawing or the Colouring. Our mod finn¬ 
ing Varniflhes, our fmoothed Polififings, 
will be found to be mere Roughnefs, full of 
Gaps and Flaws. 

Thus fink the Works of Arty when we be¬ 
come enabled to fee what they really are * 
But, on the contrary, the nearer we examine, 
the plainer we didinguifh, the more we can 
difcover of the Works of Nature, even in the 
lead and meaned of her Productions, the 
more fenfible we mud be made of the Wif- 
dom. Power, and Greatnefs of their Author. 
—Let us apply the Microfcope where we 
will, nothing is to be found but Beauty and 
Perfection. View we the numberlefs Spe¬ 
cies of InfeCts that fwim, creep, or fly around 
us, what Proportion, ExaCtnels, Uniformity, 
and Symmetry fhall we perceive in all their 
Organs 1 what a Profufion of Colouring! 
Azure, Green, and Vermilion, Gold, Silver, 
Pearls, Rubies, and Diamonds ; Fringe and 
Embroidery on their Bodies, Wings, Heads, 
and every other Part 1 How rich the Glow! 

how 
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how high the Finifhing ! how inimitable 
the Polidi we every where behold !—Search 
we yet farther, and examine the Animal¬ 
cules, many Sorts whereof it would be im- 
poffible for an human Eye unaffided to dif- 
cern; thofe breathing Atoms, fo final! they 
are almod all Workmanfhip ! in them too 

we fhall difcover the fame Organs of Body, 
Multiplicity of Parts, Variety of Motions, 
Diveriity of Figures, and particular Ways of 
Living, as in the larger Animals.—How 
amazingly curious mud the internal Struc¬ 
ture of thefe Creatures be ! The Heart, the 
Stomach, the Entrails, and the Brain ! How 
minute and fine the Bones, Joints, Mufcles, 
and Tendons ! How exquidtely delicate be¬ 
yond all Conception the Arteries, Veins, 

and Nerves! What Multitudes of Veffels 
and Circulations mud be contained within 
this narrow Compais! And yet all have 
fufficient Room to perform their different 
Offices, and neither impede nor interfere 

with one another. 
The fame Order, Regularity, and Beauty, 

will appear likewife among Vegetables, if 
brought to Examination. Every Stalk, Bud, 
Flower, or Seed, difplays a Figure, a Propor¬ 
tion, a Harmony, beyond the Reach of Art. 
There is not a Weed, not a Mofs, whofe 
every Leaf does not fhew a Multiplicity of 
Veffels and Pores difpofed moff curioudy 

for the Conveyance of Juices to fupport 
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and nourifh it* and which is not adorned 
with innumerable Graces to embellifh it. 

The moil; per red: Works of Art betray a 
Meannefs, a Poverty, an Inability in the 

Workman; but thofe of Nature plainly 
prove, the Hand that formed them wras ab« 

folute Mailer of the Materials it wrought 
upon, and had Tools exactly fuitable to its 
Pefign. Every Hair, Feather, or Scale, even 

of the meaneft Infedt, appears rounded, po- 
liihed, and finiihed to the higheft Pitch • 

and thews the abundant Riches, Munifi¬ 
cence, and Skill of its Maker. 

But feme may ^pffibly enquire, to what 
Purpofe Providence has bellowed fuch an 

Expence of Beauty on Creatures fo Iniignifi- 
cant • and then cry out. What is all this to 
us f — My Reply is, that the Beauty and 
Elegance which adorn them are evident and 

convincing Proofs of their not being fo iniig- 

nificant as we prefumptuoufly fuppofe they 
are ; for fuch Beauty muft be given them# 
either for their own Sake, that they them- 
felves may be delighted with it • or elfe for 
ours, that we may obferve in them the 

amazing Power and Goodnefs of the Creator, 
If the former be the Cafe, we muft allow 
them to be of Confequence in the Account 

of their Maker, and therefore deferve our 
Regard; and if the latter, it is really our 

Duty to take Notice of and admire them. But 
Vql. I. A, foj* 
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for whatever Reafon God has been pleafed 
to bellow Exigence on them, and to clothe 
them with Beauty, what he has judged wor¬ 
thy himfelf to create, is not, furely, below 
us to examine and confider. The fame 
Hand that formed the Whale, the Elephant, 
and the Lion, has likewife made the Loufe, 
the Gnat, and the Flea. 

CHAP. LIX. 

Some reafonable Refie<ftions on Difcoveries 
made by the Microfcope. 

THE Ufe of the ^ffcrofcope will natu¬ 
rally lead a thinking Mind to a Oonfi- 

deration of Matter, as fafhioned into diderent 
Figures and Sizes, whether Animate or In¬ 
animate : it will raife our Rededions from a 
Mite to a Whale, from a Grain of Sand to 
the Globe whereon we live * thence to the 
Sun and Planets * and, perhaps, onwards dill 
to the fixt Stars and the revolving Orbs they 
enlighten, where we dial! be loft amongd 
Suns and Worlds in the Immenfity and Mag¬ 
nificence of Nature. 

Gur Ideas of Matter, Space, and Dura¬ 
tion, are merely comparative, taken from 
emrfelves and Things around us, and limited 
to certain Bounds-* beyond which if we 
endeavour to extend them, they become very 
indiftindt. The Beginnings and Endings* 

* exeeffiv© 
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exceffive Greatnefs or exceffive Littlenefs, of 

Things, are to us all Perplexity and Confu- 

lion. 
“ Let a Man try to conceive the differ- 

ent Bulk of an Animal which is twenty, 
“ from another which is an hundred Times 

“ lefs than a Mite; or to compare, in his 
“ Thoughts, the Length of a thoufand Dia- 

ie meters of the Earth with that of a million, 
i( an he will quickly find that he has no 

“ different Meafures in his Mind adjlifted 
“ to fuch extraordinary Degrees of Grandeur 

“ or Minutenefs. The Underftanding, in- 
deed, opens an infinite Space on every Side 

“ of us •> but the Imagination, after a few 
“ faint ‘Efforts, is immediately at a Stand, 
“ and finds itfelf fwallowed up in the Im- 

“ menftty of the Void that furrounds it* 
“ Our Reafon can purfue a Particle of Mat- 

“ ter thro’ an infinite Variety of 'Divifioris, 
“ but the Fancy foon lofes Sight of it, and 

<e feels in itfelf a Kind of Chaim, that wants 
“ to be filled with Matter of a more fenfib'le 

“ Bulk. We can neither widen nor con- 
“ tradl the Faculty to the Dimenfions of 
“ either Extreme. The Object is too big 

<e for our Capacity, when we would com- 

“ prebend the Circumference of a Worlds 
'te and dwindles to Nothing when we en» 

_ O 

“ deavour after the Idea of an Atom 

I* > f J. .. : 

•* Spectator, Numb. 420. 

X 2 The 
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The minute Size of microfcopical An!” 
malcules, and the little Space they occupy, 

when compared with ourfelves and the Room 
we fill, may poffibly increafe our Pride and 
Folly, and make us imagine ourfelves of 
mighty Confequence in the Creation. But 
if we carry our Thoughts upwards, and 
.compare the Body of a Man to the Bulk of 
a Mountain, that Mountain to the whole 
Earth, the Earth to the Circle it defcribes 
round the Sun, that Circle to the Sphere of 

the fixt Stars, the Sphere of the fixt Stars to 
the Circuit of the whole Creation, and the 

whole Creation itfelf to the infinite Space 
that is every where dififufed about it, we 
fhall find ourfelves fink to Nothing.-—~ 

“ * Were the Sun, with all its planetary 
<£ Worlds, utterly extinguifhed and annihi- 

la ted, they would no more be miffed in 
<e the grand Univerfe than a Grain of Sand 
<c upon the Sea-fhore : the Space they pof- 
££ fefs is fo exceeding little, in companion 
*£ of the Whole, that it would fcarce make 
t( a Blank in the Creation. The Chafm 
° would he almofl imperceptible to an Eye 

££ that could take in the whole Compafs of 
<f Nature, and pafs from one End of the 

s£ Creation to the other.” What then is 

* Vide Spectators Numb. 565. 

the 
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the mightiefl Monarch that ever lived ! 
What is the whole Race of Man ! 

A Mite upon a Cheefe is as large and 
conf derable, in Proportion, as a Man upon 
the Earth : the little Infedts feeding on the 
Leaves of Peach-Trees and Cherry-Trees, 
are no ill Reprefentation of Oxen grazing in 
large Paftures: and the minute Animalcules 
in a Drop of Water fwim about with as 
much Freedom as Whales do in the Ocean : 
—All have equal Room in Proportion to 
their own Bulk. 

The Term or Duration of Life, in dif¬ 
ferent Creatures, is likewife comparatively 
long or fhort, according to the Number, 
Quicknefs, or Slownefs of Ideas prefenting 
themfelves fucceflively to the Mind. For, 
when the Ideas fucceed one another fwiftly, 
and many of them are crowded into a nar¬ 
row Compafs, the Time, however fhort it 
may be, will feem long in Proportion to the 
Number of Ideas palling through it: on the 
contrary, when the Ideas are but few, and 
follow one another very flowly, a long Time 
will appear fhort, in Proportion to their 
flow Succeffion, and the Smallnefs of their 
Number. 

<c It is evident, fays Mr. Locke, to any 
££ one who will but obierve what paffes in 
ct his own Mind, that there is a Train of 
(e Ideas, which conftantly fucceed one ano- 

X 3 ther 
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u ther in his Underftanding, as long as he 
*£ is awake, Rede&ion on thefe Appear- 
e‘ ances of feveral Ideas one after another in 

*e our Minds, is what we call Duration. 
*e For whild we are thinking, or whild we 
u receive fucceffively feveral Ideas in * our 

6( Minds, we know that we do exid: and 
ie fo we call the Exidence, or the Conti- 
4£ nuation of Exidence of ourfelves, or any 

Thing elfe commenfurate to the Succeffion 
of any Ideas in our Minds, the Duration 

*6 of ourfelves, or any fuch other Thing 
46 co-exiding with our Thinking 

From thefe Principles it is manifed, that 

one Day may appear as a thoufand Years, 
and a thoufand Years but as one Day : by 
which Means, the Lives of all Creatures, for 

aught we know, may feem to themfelves 
nearly of the fame Duration. It is at lead 
probable, that fomething like this may 

really be the Cafe as to the Inhabitants of 
this our Earth : for as the fame Functions 
or Offices of Life, namely, to be born, feek 
proper Sudenance, increafe in Bulk, arrive 
at full Maturity, propagate the Kind, and 
die, are equally performed by all; they who 

perform them in a few Months, Days, or 

# Vide Locke on Human Underftanding, Chap. XIV. 

2 Hours, 
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Hours may be fuppofed, from the Num¬ 
ber and fwift Succeffion of Ideas fuited to all 

thefe Purpofes, to live as long, according to 

* Swammerdam has publifhed, in Low Dutch, a curious 
Account of" what he calls the Ephemercn ; a Fly which, he 
tells us, lives but five Hours. This Infeft is found trbout all 
the Mouths of the Rhine; and, according to his Drawings 
and Defcriptions, feems to be a Species fomawhat between 
our May-Fly (bred from the Cadew Worm) and the Libella or 
Dragon-Fly. It has four Wings, two whereof are fhorter than 
the other ; a Pair of fmall Horns, fix Legs, and two very long 
ilraight Hairs ifTuing from the Tail. Tney are feen, he fays, 
flying near the Surface of the Water, about Midfummer, for 
three fucceeding Days, but no longer in one Seafon. They 
eat nothing ; and their only Bofinefs is to generate, and drop 
their Eggs upon the Water : which Eggs, finking to the Bot¬ 
tom, produce a Kind of Worms or Maggots, that foon hollow 
themfelves Cavities in the Clay, where they abide three 
Years; growing each Year about an Inch in Length. When 
the Worm is come to its full Growth, it rifes to the Surface, 
about fix o’Clock in an Evening ; lays its Eggs, and dies 
about ten o’Clock the fame Night. 

1 am furprized that Swammerdam fhould fay, the Life 
of this Creature is no more than five Hours, when his own 
Account plainly proves that it really lives three Years : for 
it is certainly as much alive in the Worm State, as when af¬ 
terwards it becomes a Fly.-—Truth fhould be every Body’s 
Purfuit; and for the Sake thereof I have endeavoured to clear 
up the general Miftake as to this Fly, which is frequently 
produced, upon Swammerdam’s Authority, as the moil 
remarkable Inftance we know of the Shortnefs of Lire.—But 
tho’ this Infedl happens to live much longer than was ima¬ 
gined, I make no Doubt, there are fame among the number- 
left Species of Beings, vvhofe natural Lives are as fhort as this 
was fuppofed to be : fuch too are moft likely to be found 
amongft the very minute Kinds. For as thofe 'exceeding/mail 
Plants, invifible to the naked Eye, which compofe what we 
call Mouldinefs, fpring up, bear Fruit, and die in a few 
Hours ; we may reafonably fuppofe the Lives of fome ex¬ 
ceedingly fmall Animals to be of as fhort a Duration. 
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their own thinking, as other Creatures do* 
where the fame Train of Ideas proceed more 

dowly, and take up many Years. 

As the Microfcope difcovers a!mod: every 
Drop of Water, every Blade of Grafs, every 
Leaf, Flower, and Grain, fwarming with In¬ 

habitants, all of which enjoy not only Life 
but Happinefs a thinking Mind can fcarce 

forbear confidering that Part of the Scale of 
Beings which defcends from himfelf to the 

lowed of all fenfitive Creatures, and may 
confequently be brought under his Exami¬ 
nation, Cfi Amongd thefe, feme are raifed fo 
little above dead Matter, that it is difficult to 
determine whether they live or no : others, 
but one Step higher, have no other Senfe 
befides Feeling and Tade : fome, again, have 

the additional one of Flearing, others of 

Smell, and others of Sight 
- It is wonderful to obferve, by what a gra¬ 
dual Progreffion the World of Life advances 
through a prodigious Variety of Species, be¬ 
fore a Creature is formed that is complete in 

all its Senfes: and, even amongd thefe, there 
is fitch a different Degree of Perfection in 
the Senfes which one Animal enjoys be¬ 
yond what appears in another, that thoJ the 
Senfe in different Animals be didinguiffied 

* Vide Spettaior, Numb. 519. 
by 
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By the fame common Denomination, it feems 
almoft of a different Nature. If, after this, 
we look into the feyeral inward Perfections 
of Cunning and Sagacity, or what we gene¬ 
rally call InftinCt, we find them rifing in the 
fame Manner, imperceptibly, one above 
another, and receiving additional Improve¬ 
ments according to the Species in which 
they are implanted. 

This Progrefs in Nature is fo very gradual, 
that the whole Chafm, from a Plant to a 
Man, is filled up with divers Kinds of Crea¬ 
tures, rifing one over another by fuch a gen¬ 
tle and eafy Afcent, that the littleTranfitions 
and Deviations from one Species to another 
are almofl infenfible. And the intermediate 
Space is fo well hufbanded and managed, 
that there is fcarce a Degree of Perception 
which does not appear in fome one Part of 
the World of Life. Since then the Scale of 
Being advances by fuch regular Steps fo high 
as Man, we may by Parity of Reafon fup- 
pofe, that it hill proceeds gradually upwards 
thro’ numberlefs Orders of Beings of a fupe- 
rior Nature to him : as there is an infinitely 
greater Space and Room for different Degrees 
of Perfection between the Supreme Being 
and Man, than between Man and the mod 
defpicable Infect.” 

Mr. Locke’s Thoughts upon this Subject 
are very curious; <£ That there fhould”, fays 

he. 
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lie, <( be more Species of intelligent Creatures 
<f above us, than there are of fenfible and 
“ material below us, is probable to me from 
<c hence, that in all the vifible and corporeal 
<c World we fee no Chafm, no Gaps. All 
%i quite down from us the Defcent is by ea- 
<c fy Steps and a continued Series of Things, 
fi that in each Remove differ very little one 
€e from the other. There are Fifhes that 
<e have Wings, and are not Strangers to the 
“ airy Region; and there are fome Birds that 
<f are Inhabitants of the Water, whofe Blood 
<e is as cold as Fifhes’, and their Flefh fo like 
“ in Tade, that the Scrupulous are allowed 
<c them on Fifh-Days. There are Animals 
** fo near a-kin to Birds and Beads, that 
<e they are in the Middle between both. 
sc Amphibious Animals link the Terreftrial 
(f and Aquatic together : Seals live at Sea 
“ and at Land; and Porpoifes have the warm 
(t Blood and Entrails of a Hog : not to 
t( mention what is confidently reported of 
<s Mermaids or Sea-men.—-There are fome 
“ Brutes that feemto have as much Know- 
(t ledge and Reafon as fome that are called 
es Men ; and the Animal and Vegetable 

Kingdoms are fo nearly joined, that if 
<e you will take the lowed of one and the 

highed of the other, there will fcarce be 
st perceived any great Difference between 
*s them. And fo on till we come to the 

T - (e lowed 
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lowed and the moll inorganical Parts of 
44 Matter, we fhall find every where that 
44 the feveral Species are linked together, and 
44 differ but in almod infenfible Degrees, 
44 And when we confider the infinite Power 
44 and Wifdom of the Maker, we have Rea- 
44 fon to think, that it is fuitable to the 
44 magnificent Harmony of the Univerfe, 
44 and the great Defign and infinite Goodnefs 
44 of the Architect, that the Species of Crea- 
44 tures fhould alfo, .by gentle Degrees, af- 
44 cend upwards from us towards his infi- 
64 nite Perfection; as we fee they gradually 
44 defcend from us downwards. Which, if 
44 it be probable, we have Reafon then to 
44 be perfuaded, that there are far moreSpe- 
44 cies of Creatures above us than there are 
44 beneath ; we being in Degree of Perfec- 
44 tion much more remote from the infinite 
44 Being of God, than we are from the lowed 
44 State of Being, or that which approaches 
44 neared to Nothing.” 

Every Creature is confined to a certain 
Meafure of Space, and its Obfervation dinted 
to a certain Number of Gbjeds : but home 
move and ad: in a Sphere of a wider Cir¬ 
cumference than that of others, according 
as they rife above one another in the Scale 
of Exidence. This Earth is the Spot ap¬ 
pointed for Man to dwell and ad upon : he 

dands 
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Hands foremoft of all the Creatures here, and 
links together Intelligences and Brutes. The 
Sphere of his bodily Adtion is limited, con¬ 
fined, and narrow ; but that of his Mind is 
vail, and extenfve beyond the Bounds of 
Matter. Formed for the Enjoyment of in¬ 
tellectual Pleafures, his Happinefs arifes from 
his Knowledge; and his Knowledge increafes 
in Proportion as he difcovers and contem¬ 
plates the Variety, Order, Beauty, and Per¬ 
fection of the Works of Nature : whatever, 
therefore, can affift him in extending bis Ob- 
fervations is to be valued, as in the fame 
Degree conducive to his Happinefs. 

What we know at prefent, even of Things 
the moil near and familiar to us, is fo little 
in Comparifon of what we know not, that 
there remains a houndlefs Scope for our En¬ 
quiries and Difcoveries ; and every Step we 
take, ferves to enlarge our Capacities, and 
give us Hill more noble and juft Ideas of 
the Power, Wifdom, and Goodnefs' of the 
Deity. 

The Univerfe is fo full of Wonders, that 
perhaps Eternity alone can be fufficient to 
furvey and admire them all: perhaps, too, 
this delightful Employment maybe one great 
.Part of the Felicity of the BlefTed.—When 
the Soul fhall become divefted of Flefh, the 
Pleafures of Senfe can be no more : and if, 

by 

I 
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by a continued Habit, any Longings after 
them fhali hang about it, fuch Longings mud 
create a proportionable Degree df Wretched - 
nefs, as they can never poflibly be gratified. 
But if its principal Delight has been in the 
Contemplation of the Beauties of the Crea¬ 
tion, and the Adoration of their Almighty 
Author, it foars, when difembodied, into 
the celedial Regions, duly prepared for the 
full Enjoyment of intellectual Happinefs. 

To Thee, eternal felf-exifting Creator 

of the Universe ! whofe Will is Nature’s 
Law S Omnifcient, Omniprefent, All-Boun¬ 
tiful, and Gracious ! To Thee be paid, by 
all thy Creatures, Thankfgiving and 
Adoration, till Time fhali be no more! 

\ 

IN D E X. 
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IO, 114 

— 116 

— 129 
64 

— *43 
144 

— 145 
282 

— 61 
— 11 
— *3° 

~ 282 

22 
62 
19 

295 
ihidi 

, 120 

12 t 
122 

ibid. 

123 
12C 

126 
127 

ihidi 

128 
129 

13° 
ibid. 

131 

; it 

117 

in a Frog by the Solar Microfcope, very curious 134 
its Appearance near the Time of Death 

Cochineal examined — — — 
Collediion of tranfparent Objedts to make 

of opake Objects — — 
proper Cafe for them — ~ 

Colours of Objects how to judge of — 
Com to intercept the Rays of Light, its Ufe 
Cork, its numerous Pores — — 
Corn Beetle, vid. Weevil. 

55 
18 

136 
285 

56 
60 
61 

, 63 
>55 
zSj 

Cove age. 



INDEX. 
Cowage, or Cow-itch, what , •—« 
Crane-Fly, very wonderful — 
Cube, why confidered as if magnified 
Cups, 1200 in a Pepper-Corn — 

D. 

Dew, recommended to be examined — 
Diamonds examined by the Microfcope 
Double Reflecting Microfcope defcribed 
Down of Thiftles, Csfc. —— —> 
Drawings of Objects to take — 
Duckweed, ftrange Animalcules at its Roots 
Dunghill-IVater full of Animalcules — 
Dying, the Appearance of the Blood then 

E. 

Earwig (Lice on) —« 
Wings of — _ 

Eel, Way to examine it — —. 
its Scales *— — 

Eel-like Kinds of Animalcules — - 
in Vinegar —- —. - 
Experiments on them —• 
in Pafte . - 
Way to preferve and examine — 
their Appearance by the Solar Microfcope 

Eggs of InfeCts — __ _ 
Elephant compared with a Mite : vid. Introduction. 
Epkemeron defcribed —~ —. - 

Miftake about it rectified —. 

315 

p. 290 

279 

3T» 35 
296 

29© 

288 

16 

289 

24, 48 

9* 

% 
136 

18 $ 

235 
122 
238 

. Z78 

79 
80 

81 

82 

ibid. 

284 

78 

SO? 
ibid:. 

F. 
Farina of Flowers defcribed — 

its Ufe and what it is — 
its Beauties —. — 
Way to preferve and examine it 
its Vefiels curious —. 
Obfervations on it —. 

Feathers, delightful ObjeCls —. 
Feelers of InfeCts : vide Horns. 

Fibres (mufcular or flelhy) their Appearance —.135 
their Structure — __ 
in an Ox, Whale, and Moufe — . 
Way of viewing them —. _ 
in a Cran Fly, very curious —_ 

Fijh, how to place in a Glafs Tube — 
Vol. I. Y 

247 

149,248 

249 
250 

ibid-• 
151,251 

285 

T4* 
*39 
140 

Hi 
279 

*3 
Fijk- 



3i6 INDEX. 
Fiji?-Pan _ . 
Flea defcrihed — ._ _ 

Manner of Change from the Egg —. 
“——its Coitus «— __. 
DiffedHon of -— _ 
its furprifing Strength and Agility 

Fluids, how to prepare and examine —_ 
Fly defcribed *— —. _ 

its Trunk — — _ 
Diffedtion of «-— ■  
Manner of Produdtion — ■— 

...Focus, what — —. —, 
Forceps, or Flyers, their ufe — ■—, 
Frog, how to place in a Glafs Tube . 

Apparatus for viewing the Circulation in it 
Mefentery thereof a curious Objedt 
its Lungs — 

c. 

Gad Bee: vide Ox~FIy — —- — 
Generation equivocal, contrary to Reafon — 

Manner of — — — 
analogous between Animals and Vegetables 

Glafs flat, its Effedt — — —■ 
convex, its Effedt — — 
-its magnifying Power explained — 
how to find its magnifying Power — 
concave, its Effedt — — 

fclafs Slips of different Colours, their Ufe — 
Glajfes mu ft be faded to the Objects 
Glajs-Fube, its Ufe —- ~* 
Globules of the Blood how formed — 

their Size *■— 
their Appearance in Sicknefs 
in Fifties and aquatic Animals 
how affedted by Heat and Cold 
Vide Circulation. 

Globule, or Drop of Glafs, it,s Inconvenience 
not ufed by Mr* Leeuwenhoek 

Gnat, its Manner of Produdtion —* 
Ddcription of it — *“— 
its Form in the Water — 1— 
its Wings and Horns •— “* 
its Piercer defcribed =— 
its Spawn —• ““ 

Grain of Sand how to be underftood as a Meafure 

3. I9 
19$ 
193 
*94 
*95 

ibid* 

53 
219 

ibid. 
220 

ibid* 

4 
10 

*3 
*33 
*35 
285 

207 
148 

*5° 
151 

3 
4, 6 

33 
34 

60 
53 

11, 19 
103 

101,132 
108 
131 

ibid. 

6 
7 

68, 88, 207 
- 203 
- 88 

- 203 
204 

— 206 
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INDEX. 
Growth of Animals and Vegetables, what 

H. 

flairs of different Creatures «— 
their Structure —- —< 
their Variety —. 
of a Caterpillar, very beautiful 

Hay-Water to make 
when ready for Examination 
the Animalcules therein —t 

Healthy wherein it con fills —■* 
how impaired —« 
how probably it may be reftored 
Contrivance of Providence to preferve 

Heart (Pulfation of) 
in a Bee 
a Fly 
a Grafshopper 
a Lady-bird 
in a Snail 
in a Loufe —* < 

Horns of Infers their Ufe «— 
■■■"' their different Beauty 

} " 

I. 
! 

Ignis Fatuus — «— 
Infujions ofVegetables produce Animalcules 

obferved by Monf. Johlot 
why productive, a Suppofition 
why not always the fame —, 

In/elis, how to diffeCt — 

fittell to ihew the Circulation and internal Motion 

3T7 
p, 150 

r 
—> ibid. 
—» 246 
—* 280 
—. 

. 76 —, ibid» 
— ibid. 
— 106, 116 
—> 105 
*—- 109 

it 119 

*37 
1 

— ibid» 

138, 217, 21S 
— 138, 180 
—» 231 

*** ibid* 

242 
— 76 

87 
—« 86 

87 
6o 

in the Livers of Sheep 
in the Heads of Sheep 
in the Heads of Deer 
©n Pales and Walls 
on Leaves — 
among Pinks, Rofes, 
in Cuckow-fpit 
on Sycamore Leaves 
on the Ribs of Rofe Leaves 
on Goofeberry Leaves 
Legs and Feet examined — 
on Orange, Fig, and Willow Leaves 

Y 2 

ii 7, 142 
26S 
269 
26S 
270 
271 

276 

277 

278 

283 
284 

Inf His% 



giS INDEX. 
In/eSls, their Eggs beautiful 1 ^ 
— —.. on Corks of Bottles j 
Itchy a Diftemper occafioned by Animalcules ~ 

defcribed — —- — 
how cured —- —- 

Jurin (Dr.) his Way of meafuring Objects —- 

L. 

Lace (fine Brufiels) examined — — 
Leaden Pipes or Gutters, Animalcules there defcribed 
Leaves, whether have any Circulation —- 

their Pores how numerous — 
of Rue 
St. John’s Wort 
Mercury 
Sage 
Rofe and Sweet Briar 

Stinging Nettle (very w onderful) •— 
like the Stings of Animals —* 

Lens, what._ — ' 
Leeuwenhoek (Mr.) the Structure of his Microfcopes 
Liberkhun (Dr.) his folar and opake Microfcopes 
Lifey in what Manner long or Ihort — 303, 

its Progreffion in different Creatures — 
Light muft be iuited to the Object — — 

its-different Effedl •— • 
of a Candle belt for fome Things —- 
of the Sun, not eligible — —» 

Loufe (common) defcribed — *—• 
its Manner of Feeding ■— — 
a Sting in the Male — 
its Increafe how numerous — — 
Way to diffedt it — —• 
(Crab) — — 
a general Name for the Vermin of Creatures 1S3, 184. 
on the Beetle 

Earwig 
Snail 
Spider 
Humble-Bee | 
Flea f 
(Kinds of) pidlured by Signior Red* 

Wood Loufe —* 

p. 284 

169 

370 

171 

4 5 

293 
92 

256 

25 7 

•—* ibid. 

254 

2 jS 

ibid• 
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8 
21 

305 
306 

55 
54 
55 

ibid. 

*77 
*79 
180 

181 

iH 

ibid. 

183 

184 

ibid. 
185 
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INDEX. 
3r9 

M. 

Magnifying Power of Glafies in the Single Microfcope, 
explained — —+ 
how to find and calculate — — 
Table of — ‘ — —. 
in the Solar Microfcope — —. 
in the Double Microfcope —> 

Man, his proper Employment : \id. introduction. 
his Capacity for Knowledge —— 
whence his eternal Happinefs may poflibiy arife 

Matter, Confideration» thereon — — 
our Ideas of it impeded —. —* 

Mercury unaltered in feveral Mercurial Medicines 
Microjcope what — . 

by whom and when invented — 
Sngle — — — 
Double — — — • 
their different Effects and Advantages 2, 
Leeuwenhoek'' s, its btrudure —. 
Wilfon*s Single Pocket — —. 

with a Speculum — — 
Standard for its Glafies propofed 

Double Reflecting — —. 
Solar, or Camera Obflcura —. 

its Advantages — —. 
f(pTopake ObjeCis —«• ■—. 
Standard for its Glafies propofed —. 

its Advantages — — 
how to uie it — — 
ufeful alfo for tranfparent Objects —. 
wherein it can properly affilt us —. 
why fometimes negieded — 
how ferviceable in the Pradice of Phylic 

Minutene/s Of Animals, &c. wonderful: vid. introd, 163, 208 
Refle&ions on it — —. 

Mefentery of a Frog, extremely curious —. 
Mites defer} bed — —• — 

their Coit and Time of Hatching —. 
their Eggs —. —, 
compared with a Pigeon’s —• 
their Voracioufnefs and Manner of Eating 
how to deftroy , 
Sorts of deferibed — —. 
wandering — __ 
very tenacious of Life — 

Y 3 

. 32 
33 
34 
36 
38 

39 

310 
3** 
300 
30* 
29I 

I 

3 
2,7 
ibid• 

7» 49 
8 

9 
' *4 

37 
16 
22 

2S 
27 
38 

27, 30 
ibid. 
ibid. 

49 
51 

107 

302 

J3S 
186 
188 

ibid. 
ibid, 
ibid. 
189 

ibidl 
J90 

ibid. 
Mojflesy 



320 Index. 
Mojres, exceedingly beautiful Objefts — p. 2 
Motion feen by Microfcopes, how to be regarded 63 
Mouldinefi, feveral Species of Minute Plants — 247 

or Scolopendra, very curious — 279 
Mufcles of the Abdomen of a Frog — 135 
Mttjcls-Fijh a fine ObjeCt — •— 128,242 

its Eggs and Embryo-Mufcles — 243 
how numerous — —- ibid. 

the Beard, its Ufe — —- 244 

N. 

Nature's Operations amazing —« 253 
the Perfection of, exemplified — 298 
compared with the Works of Art 292, 297 
the Study of them Man’s noblefi; Employment : 

vid. intro duct, and 
Needle, its point examined *— 
Nerves, their Structure and Appearance 

not elaftic —• •— 
Newt, a fine ObjeCt- 

300 
293 
146 

H7 
126 

Globules of its Blood larger than in rnoft Animals ibid. 

how to kill — 291 

O. 
Objects, how feen through a Single Microfcope 

how through a Double one ~ 
how through a fiat Glafs 
how through a Convex - 
appear large to Ihort-fighted People 
their real Size to find 

Mr. Leeuwenhoek's Way 
Mr. Hook’s Way — 
Dr. Jurin’s Way 
Dr. Martin’s Way 
Dr. Smith’s Way — 

Area or Portion of — 
Kinds proper for the Microfcope - 

what not proper — 
Directions how- to examine 

” to be viewed in every Light - 
their Shadow only feen by the Solar M 
how to prepare and apply 

to make a Collection of 
Cautions in the viewing of 
endlefs — —- — 

8 

2 
- ibid. 

3 
4 

5 
- 40,158 

41 

45 
ibid. 

47 
. 48 
ibid. 

50 

49 
52 
54 

icrofcope 55 
- 56 
- 5 6, 60 
- 62 
. 291 

Old 



INDEX, 
Old People, their Manner of Sight — — 
Opake Objects (Microfcope for) : vid. Micro/cope. 

to prepare and preferve 
Opium, how it.a£ts on the Blood — 
Ox-Fly defcribed — — 

* its Manner of Production 
Oyfierst Animalcules in their Liquor 

in their Semen ' 
Embryos 
their Size and Number 
Light on them — 

321 

p- 5 

60 
114 
226 
207 

239 

ibid. 

240 
241 

P. 

Pajle fall of minute Eels *— 
Way to preferve them 

People, old, or ihort-fighted, their Cafe 
Pepper-Water : vid. Animalcules. 
Perijiattic Motion vifible —• 
Poijes of Infedls : vid. Balances. 

Polype, a wonderful Animalcule fo called 
Pores of the Skin — — 

Way to view them —— 
how numerous — 
of Wood, their Numbers 

Pucerons — —. «, 
Pul/e beating: vid. Heart. 

— *-81 
—< ibid. 

~ — 4 

i38> l79> *95» 219 

— — 97 
— 174 

1 ibid. Sc 176 

— 175 
" — 287 

—* 270 

R. 

Rain-Water, its Animalcules — 
Razorr its Edge examin°d —- —., 

S. 

Sal Volatile oleafum, its Effect on the Blood 
Salts to prepare and examine —- 

their general Efxe&s —. 
in Vinegar — — 

how changed by Crabs Eyes 
in Wines, Vegetables, and Metals 
Sorts to be examined — 
their good and ill Effefts — 
(Sorts of) in Mineral Waters 

of Vitriol — _ 
unripe 

83 
293 

115 

5S 
259 

ibid. 
260 

ibid. 
261 

ibid» 
262 

z63 
265 

Salts 



S22 INDEX. 
Salts *——-- of Alum 1 

from Salt Springs J 
Sal Gem L - P* 263 
from Sea-Water | 
Nitre 1 
Caicarious Nitre 264 

Sand (Grain of) how underilood as a Meafure 41 
Sands tine Objects for the Microfcope —— 288 
Scale of Beings confidered — 307 
Scales on the human Skin — — 172 

how numerous — *73 
Way to view them _ ibid. 

of Fifhes —• 237 
fhew their Age — — 238 
how to prepare — — ibid. 

Scolopendra ; vide Multipes. 
Scorpion ; vide Sting. 

Seeds not proportioned to the Size of their Plants —. 165 
include minute Plants —- : . • -— 252 
of the Gramen tremulum ■- — ibtd. 
to prepare — —> -- —• 253 
of Strawberries ) . 

Poppy 5 
— ibid. 

Fern — —• —■ —- 254 
Puff-Ball — — ... —■ * r . • <■ — 255 
*- how hurtful to the Eyes —- — 256 

Semen Mafculinum : vide Animalcules* 
Serpents (minute) — 

Shaije, &c. drawn by a Flea —- —■» 
Sheep (Worms in; : vide lnfeSls. 
Sight, us Difference how occafioned • —— \ 

common Standard of —* — 
Silk-Worm —— —- 

Semen thereof examined —- - — 
Length and Finenels of its Silk —- ■ —— 

Sliders what — — - - - ' - -> 
their great Ufe *— —* - —- 
to prepare a Set of properly — 

Snail, a curious Animal — •— 
Manner of Produdtion ana Growth —> — 
Stone found therein • — —- — 

Snow, its Configuration curious — —- 
Solar or Camera Obfcura Microfcope : vide Mierofcope. 
Spider, its Eyes —« —■ 

78 

m 

4» S 
33 

281. 
28 z. 

2 94 
10 

56 

57 
217 
218 

ibid* 
29O 

196 

Spider s 



INDEX. 
Spidery its Weapons — — 

poifonous Liquor how in {tilled — 
Web how fine — — 
Eggs <— —• — 

White Field —- —> 
Hunting J 

Shepherd > Spider — — 
Red ) 
Water Spider — — — 

Stags, Worms in their Heads — — 
Star-Fijb — — 

or Stella arhorefcens, fending forth many 
Branches — —. 

Steel (Particles of) melted by {hiking Fire — 
Sting, how diftinguilhed — 

of a Bee defcribed — — 
Way to view it — 
its poifonous Juice —- 

of a Scorpion defcribed — — 
its poifonous Juice — — 
furprifing Effect of —< —. 

Sunjhine, abqd Light for Objects — 

T. 
liable of the Powers of Angle Glades — 
^Tittle made with a Pen examined —* — 
1Tran/parency how fometimes acquired ■— 
*trutk only to be fought for — 
Tube (Glafs) its Ufe —> —» 

(capillary) its great Ufe — —• 

V. 

Vegetables (InfuAon of) produce Animalcules 70, 76a 
Veins, formed to preferve Health — 
Vinegar (Animalcules therein) : vide Animalcules, 

its Salts examined — —« 
Vipery its Teeth and Poifon — —. 

323 
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■ ibid. 

202 

27S 

26S 
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289 
209 

210, 293 
21t 
212 

ibid. 

213 
214 

ss 

3 s 
294. 
129 
62 
£ l 

59 

26, 87 
119 

259 
215 

- W., 4 * 

Water, full of Life: vide Animalcules **— go 
Weevil, or Corn-Beetle, defcribed *—« 221 

its Manner of Produdion — •— 222 
Whaley its prodigious Size —■ — 101 

X Wheel• 



324 I N D E X. 
Wheel-Work In the Heads of fome Animalcules 
Wilfon’s Pocket-Microfcope : vide Micro/cope. 
Wings of Infers — — 

their Variety — 
their Motion «— —- 
their fine Feathers •«— — 
Way to view them -— 

Wolf defcribed — — ~~ 
its Increafe ■—• — 
Way to deftroy — 

Wood, its Air-Veflels, Sap-VefTels, Pores, &c. 
Wcod-Loufe — —» —» 
Worms in Human Bowels — 

their Kinds —- -— 
how probably introduced —• 
in Fifhes - -— 
Blood-red,jointed ■— 

p. 91 

252 

233 
ibid. 

?34 
ibid. 
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224 
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185 
265 
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